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EXECUTIVE SUMMARY

This Supplemental Environmental Impact Statement (SEIS) is written pursuant to the
National Environmental Policy Act (NEPA) requirements regarding implementation of a
long-term sea lamprey control program for Lake Champlain.  This proposed program will
be subject to the NEPA public review and comment process before federal funding and
federal personnel will be committed to the project. 

Lake Champlain sea lamprey control began in 1990 as an eight-year experimental program
(NYSDEC et al. 1990), and was initiated after the completion of an Environmental Impact
Statement (EIS).  This document is written as a “supplement” (SEIS) to the experimental
program EIS.  Extensive evaluation of the experimental program was conducted and
presented in A Comprehensive Evaluation of an Eight Year Program of Sea Lamprey Control in
Lake Champlain (Fisheries Technical Committee 1999).  The experimental program was
considered successful, meeting the majority of evaluation standards adopted to gauge sea
lamprey control success.  The experimental program represented an effort to enhance sport
fish populations through the limited applications of the chemical lampricides TFM and
niclosamide (niclosamide is the active ingredient in Bayluscide) to selected streams and
deltas to target and control larval sea lamprey populations. 

The proposed sea lamprey control program would integrate additional control methods.
Specifically, these are application of a more efficient TFM/niclosamide combination
lampricide requiring smaller total amounts of active ingredient to target larval sea lamprey
in some larger streams; establishing barriers to isolate upstream migrating adults from
spawning sites; and trapping of adult spawning-phase sea lamprey to both augment control
by other methods and prevent the redistribution of adults encountering barriers to spawning
areas in nearby streams.  The proposed program would target additional sea lamprey
infested areas untreated during experimental control and use integrated techniques to
achieve a greater level of sea lamprey control and an enhanced fishery response to control. 
A screening process is introduced where each location identified for sea lamprey control is
scrutinized for application of currently feasible sea lamprey control methodology.  The
degree of sea lamprey infestation, technical feasibility of the method, the potential
nontarget, human and habitat impacts, and the monetary costs of method implementation
are considered during the sea lamprey control method selection process.  

Recognition of a changing environment, the changing nature of sea lamprey infestation and
evolving sea lamprey control technology requires that adaptability and flexibility be built
into a proposed sea lamprey control program.  Sea lamprey control techniques under
development (sterile male releases, pheromone attractants) are recognized and will be
scrutinized for application to the Lake Champlain environment if and when they become
feasible for use as part of a Lake Champlain sea lamprey control program.

Wayne Bouffard
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Three plausible alternatives are presented and discussed in this SEIS:  

Alternative 1.  Initiate an extensive, integrated, long-term control program for sea lamprey in
Lake Champlain (Proposed Action).  This alternative features a tributary-specific approach
where viable control techniques are screened for applicability in each infested stream
system.  This Proposed Action represents an expansion of sea lamprey control beyond the
limited scope of the experimental sea lamprey control program to include new locations
and additional sea lamprey control techniques.  Associated fishery and economic gains
would be expected to surpass those realized as a result of experimental sea lamprey
control.

Alternative 2.  Maintain reduced sea lamprey wounding rates attained during the
experimental period by applying chemical lampricides.  This program would be similar to that
of the experimental sea lamprey control program, relying heavily on the use of TFM and
niclosamide, for maintaining reduced sea lamprey numbers, as opposed to the fully
integrated program proposed in Alternative 1.  The program would be restricted primarily
to the streams and deltas targeted during experimental sea lamprey control.  This alternative
ignores additional techniques and many locations included in the proposed program that
may offer improved sea lamprey control.  Success with this program would achieve similar
levels of sea lamprey control reached during the experimental program.  

Alternative 3.  Abandon sea lamprey control as a fisheries management tool for Lake
Champlain (No Action Alternative).   This is a “no sea lamprey control” option, where all sea
lamprey control activities would be discontinued and the fisheries benefitting from sea
lamprey control are allowed to degrade under unrestrained sea lamprey parasitism.  Levels
of sea lamprey parasitism would revert to levels experienced prior to the initiation of the
eight-year experimental sea lamprey control program.

This SEIS provides a detailed description of the environmental setting of Lake Champlain
emphasizing water quality and basin characteristics, known sea lamprey distributions and
the human environment.  Inventories of state and federal-listed endangered and threatened
species and their habitats, and non-listed species are provided in respect to anticipated sea
lamprey control activities.

Also noted are anticipated impacts of each alternative.  Impacts to water, humans, wetlands,
endangered and threatened species, plants, invertebrates, fish, amphibians, reptiles, birds,
and mammals are discussed.  Anticipated user conflicts are scrutinized for each alternative. 
Mitigating measures are proposed for water and each biological category listed above. 
Unavoidable adverse impacts, beneficial impacts, irreversible and irretrievable
commitments of resources and growth-inducing impacts are discussed by alternative.
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The Proposed Action (Alternative 1) features an adaptable sea lamprey control program
initially targeting 20 Lake Champlain stream systems for possible sea lamprey control
activities.  The Proposed Action represents an expansion of techniques, and an expansion of
control effort extending beyond the 13 stream systems and 5 deltas that received
lampricide applications under the experimental program.  Strategies for control at each
location are developed using the screening process, culminating in the development of a
prioritized list of potentially employable sea lamprey control methodologies designed to
achieve the greatest practical integrated sea lamprey control and mitigate adverse
environmental consequences.  A summary of proposed sea lamprey control strategies and
specific developmental discussions for possible control technique implementation in each
tributary is located in Section VIII.



1  All scientific names (genus/species) not listed in text appear in Tables VI-1 through VI-7.
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INTRODUCTION

This draft document supplements the Final Environmental Impact Statement (FEIS) entitled
Use of Lampricides in a Temporary Program of Sea Lamprey Control in Lake Champlain with
an Assessment of Effects on Certain Fish Populations and Sportfisheries (NYSDEC et al.
1990).  It has been prepared by the Lake Champlain Fish and Wildlife Management
Cooperative (Cooperative), comprised of the United States Fish and Wildlife Service (the
Service), the New York State Department of Environmental Conservation (NYSDEC) and
the Vermont Department of Fish and Wildlife (VTDFW).

A brief review of Lake Champlain fish population changes and management actions helps
one understand the purpose, goal and objectives of the action proposed in this draft
Supplemental Environmental Impact Statement (SEIS).

Landlocked Atlantic salmon1 were once abundant in the northern lake, but habitat
degradation and over-fishing destroyed the native population by 1850.  Lake trout
populations were also in decline.  Sporadic stockings of both species in the late 1800s
failed to restore populations or fisheries.  Native lake trout were gone by 1929.  No further
restoration attempts were made until 1958 when Vermont and New York began stocking
small numbers of lake trout, and in the early 1960s when New York began stocking a few
salmon fry (NYSDEC et al. 1990).  Results of these stockings, the formation of the
Cooperative, and the Cooperative’s early accomplishments are further described in Section
III.A.

The Cooperative was able to produce limited, recreational fisheries for lake trout,
landlocked Atlantic salmon, brown trout and steelhead/rainbow trout through coordinated
stockings, but soon it determined the nonnative sea lamprey was exerting a major adverse
impact on their populations and associated recreational (Gersmehl and Baren 1985; Plosila
and Anderson 1985).  Sea lamprey attacks also were evident on other important species
such as the walleye (NYSDEC unpublished data).  These impacts had social and economic
consequences for the surrounding communities.  It became apparent that sea lamprey
control would be needed to achieve fishery management objectives (Anderson, J. K. et al.
1985) and improve the economic gains from recreational fishing.

In 1990, the Service, NYSDEC, and VTDFW initiated an eight-year experimental sea
lamprey control program on Lake Champlain to abruptly and dramatically reduce parasitic
phase sea lamprey abundance; assess effects of this reduction on the characteristics of
certain fish populations, the sport fishery and economics of the region; and to facilitate
formulation of long-range policies and management strategies (NYSDEC et al. 1990). 
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The experimental control program was based on the use of two lampricides on 13 tributary
systems and 5 deltas.  Liquid formulation TFM was used in stream treatments and a
Bayluscide 5% granular formulation was used on the deltas.  Most tributaries and deltas
received two rounds of treatment, four years apart.  Evaluation of the eight-year
experimental program was based on criteria relating to sea lamprey reduction, sport fishery
response, and forage fish assessment (Engstrom-Heg et al. 1990; Fisheries Technical
Committee 1999).  Results of the experimental program are summarized in Section III.B. 
These results indicate the experimental control program was successful and provide
justification for continuing sea lamprey control on Lake Champlain.  However, the
experimental program concluded at the end of 1997, and use of federally administered
Sport Fish Restoration grants and other federal funding, equipment and personnel for sea
lamprey control ceased at that time.  Since then NYSDEC issued a Negative Declaration of
Significance under the State Environmental Quality Review Act (SEQRA) for sea lamprey
control treatments with TFM on previously treated streams entirely within New York State
jurisdiction, and has conducted these treatments on selected tributaries without using
federal funds.  These New York treatments were intended as a temporary measure to
maintain some of the earlier gains achieved in fishery quality until long range policies and
sea lamprey management strategies were formulated.   

The large scope and complexity of the proposed Lake Champlain sea lamprey control
program requires that NEPA be addressed.  An outcome of the NEPA process in favor of
continued sea lamprey control in Lake Champlain would allow renewed expenditures of
federal services and funds for that purpose.  The absence of federal funding does not
preclude sea lamprey control efforts by the states of New York and Vermont within
respective jurisdictions and governed by the regulatory requirements within each state.
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I.  PURPOSE AND NEED

A.  Purpose

The purpose of this SEIS is to examine impacts associated with providing a continued,
coordinated sea lamprey control program and enabling the resumption of use of federally
administered Sport Fish Restoration grant monies, other federal funds, federal equipment
and participation by federal staff in implementation of Lake Champlain sea lamprey control
alternatives.  The purpose of the preferred alternative, or the Proposed Action, is to achieve
and maintain the greatest practical reductions in Lake Champlain sea lamprey populations. 
The experimental sea lamprey control program clearly provided important benefits to the
Lake Champlain fishery and the area’s economy.  For instance, anglers caught substantially
more and bigger lake trout, and their fall catches of one-lake-year landlocked Atlantic
salmon from the Saranac River doubled.  It also generated a favorable, 3.48:1 economic
benefit:cost ratio with benefits of approximately $29.4 million and costs of about $8.4
million (Gilbert 1999a).  Lake-wide continuation of sea lamprey control is expected to
replicate or surpass these benefits.

These fishery and economic gains were closely associated with reduced sea lamprey
wounding rates on important fish species (Fisheries Technical Committee 1999).  Reduced
wounding rates in key species would serve as reasonable and readily monitored indicators
of parasitic phase sea lamprey abundance and provide objectives for future sea lamprey
control efforts.  Examination of fish in specific size ranges from samples collected during
selected periods would facilitate year-to-year comparison.

Goal:

The goal of the proposed Lake Champlain sea lamprey control program (the Proposed
Action) is to achieve fish population, recreational fishery and economic benefits associated
with reduced sea lamprey predation.

Objectives:

• Achieve and maintain lamprey wounding rates at or below:
< 25 wounds per 100 lake trout

(ideally 10 wounds per 100 lake trout);
< 15 wounds per 100 landlocked salmon

(ideally 5 wounds per 100 landlocked salmon); and
< 2 wounds per 100 walleye

(ideally less than 1 wound per 100 walleye).
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• Attain target wounding rates within five years of full implementation of the
Proposed Action.  Full implementation is defined as application of optimal sea
lamprey control strategies on tributaries identified in the Proposed Action.

These objectives are based on further reducing wounding rates observed before and after
the eight-year experimental program on fish species for which ample data sets existed as
outlined in Table I-1.  For comparison purposes, fish in particular size ranges and captured
during specific seasons would be used.  Preferred sampling strategies to monitor wounding
rates follow.  Lake trout wounding rates on fish in the 533-633 mm (21.0-24.9 in.) size
interval will be monitored by fall nearshore electrofishing.  Landlocked Atlantic salmon
wounding rates would be based on fall collections of salmon in the 432-533 mm (17.0-
21.0 in.) size interval from fishways such as the Willsboro Fishway and the Winooski One
Fish Lift and from nearshore and tributary electrofishing.  Walleye wounding rates among
fish in the 534-634 mm (21.0-25.0 in.) size interval would be based on spring
electrofishing during spring spawning runs.  Other acceptable and consistent sampling
strategies may be substituted by the Cooperative for collection of comparative data if
deemed necessary or more efficient.

Table I-1.  Sea lamprey wounding rates pre-sea lamprey control (reflects the no action alternative), post-
eight-year experimental sea lamprey control (reflects Alternative 2) and acceptable and ideal sea lamprey
wounding rate objectives for long-term sea lamprey control (Proposed Action) on selected fish species. 
Wounds per 100 fish have been rounded to the nearest whole number.  

Species

Mean number of lamprey wounds per 100 fish

Pre-control Post-eight-year
control

Acceptable
Objective

Ideal
Objective

Lake trouta 55 38 25 10

Landlocked salmonb 51 22 15 5

Walleyec 13 4 2 <1
a Pre-control (1982-92) and post-control (1993-97) data from mid-summer New York and Vermont Main Lake gill netting surveys
for lake trout      in the 533-633 mm  (21.0-24.9 in.) length interval.
b Pre-control (1985-92) and post-control (1993-98) data from fall sampling of Main Lake spawning phase salmon captured at the
Willsboro             Fishway in the 432-533 mm  (17.0-21.0 in.) length interval. 
c Pre-control (1988-1992) and post-control (1993-1998) data from spring electrofishing surveys of Main Lake and South Lake
walleye captured      in the Poultney River in the 534-634 (21.0-25.0 in.) mm length interval.

B.  Need

Lampreys belong to a very primitive group of vertebrates (class Agnatha) known as "jawless
fishes."  Lampreys are eel-like in shape and unlike other more advanced fishes, have a
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skeleton made of cartilage instead of bone.  The sea lamprey is common on both sides of
the Atlantic Ocean- in the east from Norway south to the Mediterranean Sea, and in the
west from Greenland south to Florida.  The anadromous form, the largest and most
predacious of the world’s lampreys with lengths to almost three feet, is generally not
regarded as a serious threat to marine fish stocks.  In contrast, the decline of valuable
freshwater fish stocks in the Great Lakes occurred subsequent to the invasion of the sea
lamprey.  The presence of the landlocked sea lamprey was documented in Lake Ontario in
1835 (Lark 1973), in New York's Finger Lakes in the late 1800s (Wigley 1959), and in
Lake Champlain in 1929 (Greeley 1930).

Lamprey Species in Lake Champlain

Of the 31 recognized species of lampreys, four have been recorded from Lake Champlain
and tributary waters.  There are two parasitic species, the sea lamprey and the silver
lamprey.  The other two species, the American brook lamprey and the northern brook
lamprey, are non-parasitic.

Sea Lamprey Life History

Lampreys have a complex life history involving a total of four or more years.  After
hatching from the egg, the sightless, elongated larval form, sometimes called an
ammocoete, burrows into soft bottom deposits found in slower stretches of streams.  They
spend an average of three to six years living in bottom deposits and feeding largely on
algae.  Larvae which have attained a minimum critical size undergo dramatic physiological
and morphological changes.  During this period of metamorphosis, which occurs from mid
to late summer, the larvae transforms into a miniature version of an adult lamprey equipped
with functional eyes and a cup-shaped sucker-mouth, armed with teeth.  Soon after
transformation, the sea lamprey migrate out of the streams and begin their adult parasitic
phase.

Parasitic lampreys obtain nourishment by attaching to host fish and feeding on their body
fluids.  The period of parasitic feeding on fish, varying from 12 to 20 months in the sea
lamprey, depends on whether they migrate in the fall or spring.  Following the variable
period of parasitism, the lampreys attain sexual maturity and migrate up tributaries to
spawn. The spawning period occurs in spring and is followed by the death of the animals.

Historical Accounts of Sea Lampreys in Lake Champlain

The first published account of the positive identification of the sea lamprey in Lake
Champlain appeared in Section II of The Biological Survey of the Champlain Watershed, in
which Greeley, (1930) stated that Petromyzon marinus, known locally as the lake lamprey,
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was moderately common in Lake Champlain.  Greeley was referring, presumably, to the
parasitic phase specimens which were attached to fish netted during the survey from the
waters of the lake, as very little was known about the distribution or abundance of larval
populations in streams.  Sea lamprey larvae were collected (dug from the bottom
sediments) from only one river during the 1929 survey; Putnam Creek at Crown Point. 
However this distribution reflects a minimal sampling effort; according to the report, only
two streams were sampled for lamprey larvae: Putnam Creek and the Ausable River.

Origin of Lake Champlain Sea Lampreys

Although the historical evidence does not rule out endemicity of the sea lamprey in Lake
Champlain, it appears unlikely.  A probable dispersal route of the sea lamprey from the
ocean into Lake Champlain was through the Hudson-Champlain Canal.  The waterway,
completed in 1819, provided a connection between the Hudson River, which has natural
runs of anadromous sea lampreys, and the lake.  Although Greeley (1930) thought the sea
lamprey may have invaded from the north, he felt that other species of fish, including the
carp, may have invaded Lake Champlain from the south via the canal route.  More recently,
anadromous sea lampreys have been captured in a tributary of the St. Lawrence River
located just opposite the mouth of the Richelieu River which drains Lake Champlain; thus a
sea lamprey invasion route from the north cannot be ruled out.

For additional information on the different lamprey species, taxonomy, life history and
historical accounts of sea lampreys in Lake Champlain, see Appendix I of the FEIS.

Sea Lamprey Impacts on Salmonids and Sportfisheries

Prior to the eight-year experimental sea lamprey control program, the sea lamprey was
having a major impact on the salmon, brown trout and steelhead populations and
sportfisheries in Lake Champlain and a significant impact on lake trout (Anderson, J. K. et
al. 1985).  Surrounding communities experienced associated social and economic
consequences.

Total harvest of salmonids before sea lamprey control was far below the estimated Lake
Champlain production capability.  Historic records indicate significant populations of
landlocked Atlantic salmon and lake trout once inhabited the lake.  Water quality and habitat
are suitable for salmonids.  However, substantial salmonid stockings by New York and
Vermont were not providing a high quality fishery.  Lake Champlain's salmonid yield was
low and a considerable body of evidence indicated parasitism by sea lamprey the cause.  It
was estimated that salmonid harvest and number of angler trips in 1985 was only 45 percent
of the numerical targets stated in A Strategic Plan for Development of Salmonid Fisheries in
Lake Champlain, the salmonid fisheries plan adopted and implemented in 1977 by the Lake
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Champlain Fish and Wildlife Management Cooperative.

Lake Trout

Over 2.8 million lake trout had been stocked in Lake Champlain between 1972 and 1985, of
which 90 percent were planted in the Main Lake (Plosila and Anderson 1985).  Although a
good lake trout fishery developed in the Main Lake in the area of Westport, New York
north to Willsboro Point, New York, only a small fishery resulted in the northern Main
Lake basin.  Estimated lake-wide annual harvest in the early 1980s was about 5,000 lake
trout averaging 5.3 pounds.  This estimate was one-third of the annual lake trout harvest
objective of 18,000 and only 20 percent more than the estimated harvest of 4,000 lake
trout in Lake George, New York (Miller and Lantiegne 1984).  By comparison, Lake
Champlain’s potential lake trout habitat was 4.5 times greater than Lake George’s.

Further evidence that sea lamprey were negatively affecting the lake trout fishery was
indicated by gill net catch rates.  Gill net catch rates of 6 to 13 lake trout per 1000 feet of
net, indicated an exceptionally sparse lake trout population in the Main Lake (Anderson, J.
K. et al. 1985) as compared to Lake Ontario (60-70) or Cayuga Lake (45-66).  This low
catch rate was despite Lake Champlain’s stocking rate of 1.6 yearling lake trout per acre. 
This stocking rate was similar to Cayuga’s (1.7) and three times greater than Ontario’s
(0.5).

Sea lamprey wounding data collected from Lake Champlain lake trout also suggested sea
lamprey were causing serious impacts to the fishery.  Total incidence of attack (wounds and
scars) for all sizes of lake trout during 1978-1984 averaged nearly 85 percent while the
wounding rate averaged about 50 percent (Anderson, J. K. et al. 1985).  In Lakes Michigan
and Superior, control of sea lamprey was considered adequate when incidence of fresh
wounding was less than 4 percent on lake trout 21.0-33.0 inches (533-838 mm) total
length.  Mortality of lake trout attributed to sea lamprey attacks has been estimated for
Lakes Michigan and Superior.  In Lake Michigan, fresh wounding rates of 1, 3 and 8 percent
were associated with lamprey induced mortality rates of 5, 15 and 31 percent (Wells
1980).  A similar correlation was observed in Lake Superior where 2 and 10 percent spring
wounding rates were associated with 7 and 32 percent annual rates of mortality (Pycha
1980).  Prior to sea lamprey control, wounding rates in lake Champlain ranged from about
20 percent for lake trout in the 13.0-16.9 inch (330-492 mm) size group to about 50
percent for fish in the 25.0-28.9 inch (635-734 mm) size group (Anderson, J. K. et al.
1985) suggesting significant sea lamprey-induced mortality.

Landlocked Atlantic Salmon

Over 3.1 million landlocked Atlantic salmon of various sizes had been stocked in Lake
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Champlain between 1972 and 1984, of which 82 percent were planted in the Ausable,
Boquet, Saranac and Winooski Rivers and Lewis and Otter Creeks (Plosila and Anderson
1985).  Estimated lake-wide annual harvest in the early 1980s was about 2,500 salmon
averaging 3.6 pounds.  This estimate was 20 percent of the annual salmon harvest objective
of 12,200 stated in A Strategic Plan for Development of Salmonid Fisheries in Lake
Champlain.  Similarly to lake trout, this estimate was far below the estimated annual harvest
in Lake George (4,000 salmon).  Again, by comparison, Lake Champlain’s potential salmon
habitat was 4.5 times greater than Lake George’s.

Sea lamprey attack rates and fisheries for landlocked Atlantic salmon varied among the
three Lake Champlain basins.  From 1978-1981, salmon from the Main Lake, Malletts Bay
and the Inland Sea Basins had total attack rates of 48, 43 and 28 percent, respectively
(Anderson, J. K. et al. 1985).  The quality of the salmon fishery was found to vary inversely
with attack rates.  Highest attack rates in the Main Lake relate to a relatively mediocre
salmon fishery, while lowest attack rates in the Inland Sea relate to a relatively better
salmon fishery.  However, a low proportion of large, older-age salmon in angling and in
sampling gear catches indicated poor survival in all three lake basins.  Survival estimates for
Malletts Bay salmon were calculated to be 37.5 percent for ages 2-3 and 20.4 percent for
ages 3-4 (1979 and 1980 year classes) (Anderson, J. K. et al. 1985).  Estimated survival for
Inland Sea salmon of the 1980 year class was 57.7 percent for ages 2-3 and 5.2 percent for
ages 3-4.  Survival for the 1981 year class in the Inland Sea decreased to 12.5 percent for
ages 2-3 and remained relatively stable at 6.7 percent for ages 3-4.  Increased mortality for
the 1981 year class was believed to be lamprey-related as wounding rates on the Inland Sea
salmon increased substantially from 1982 through 1984.

Steelhead Rainbow Trout and Brown Trout

Over 1.1 million steelhead and 435,000 brown trout of various sizes were stocked in Lake
Champlain from 1972 to 1984 (Plosila and Anderson 1985).  The majority of the steelhead
were planted in the Saranac and Winooski Rivers and Lewis Creek.  Most of the brown trout
were stocked in the Main Lake.  Both species provided only limited fisheries.  Steelhead
were caught in the tributaries, while the Inland Sea produced the best returns of brown trout
to the angler.

Insufficient numbers of both steelhead and brown trout were collected to calculate survival
estimates, however, survival of age 3 and older fish appeared to be very low.  Attack rates
ranged from 17 percent for steelhead to 69 percent for brown trout in the Main Lake, but
again, few individuals of both species were examined (Anderson, J. K. et al. 1985).  Sea
lamprey predation was presumably the cause of the lack of older fish.



9

Other Fishes

Sea lamprey attack rate estimates on other fishes in Lake Champlain are available for lake
whitefish, walleye and northern pike.  Prior to sea lamprey control, total incidence of attack
for lake whitefish was 2-21 percent for the Inland Sea, 20-35 percent for the Main Lake and
43-51 percent for Malletts Bay (Anderson, J. K. et al. 1985).  Sea lamprey wounding rates
on walleyes ranged from 10-25 percent.  In 1984, 92 percent of the fish larger than 23.6
inches (599 mm) were females and had a wounding rate of 34 percent, raising concerns of
the impacts to recruitment (Nettles in review).  Sea lamprey predation on northern pike in
various areas of the lake was less than salmonids (10-17 percent) but appeared to be
increasing annually.

Anticipated effects of Sea Lamprey Reduction

The above data on Lake Champlain's salmonids show several similarities to Lake Ontario
prior to effective sea lamprey control.  Sea lamprey control on Lake Ontario has produced
dramatic improvements in the fishery and major economic benefits to the area's tourist
industry.  The same pattern has been observed in the Upper Great Lakes and Seneca Lake
where control was initiated in 1982.  Thus, in situations similar to Lake Champlain, sea
lamprey control has been successful and beneficial.

A variety of biological, social and economic benefits are expected from sea lamprey
control.  Biologically, survival would increase among salmonids and other fish species
which serve as prey for the sea lamprey and whose survival is adversely affected by sea
lamprey parasitism.  This was indeed the case as a result of the eight-year experimental sea
lamprey control program.  For example, survival of age 3-4 lake trout improved 25 percent
and pre- and post-treatment creel surveys revealed a 76 percent increase in estimated lake
trout catch.

Relative to social benefits, more and larger salmonids would provide greatly improved
fishing, and decreased lamprey attack rates would improve the appearance of fish.  The
tributary fisheries for landlocked Atlantic salmon would be a particularly unique and highly
prized angling opportunity, while many nonanglers would have the opportunity to observe
migrating salmonids at fishways and falls.  Recreationists would experience fewer lamprey
attachments to themselves and their equipment. 

Substantial economic benefits would accrue if the proposed program is enacted.  Estimated
benefits and costs of the eight-year experimental sea lamprey control program indicated a
favorable benefit:cost ratio of 3.48:1.  Continuation of sea lamprey control on Lake
Champlain would be expected to generate up to an additional 1.2 million days of fishing and
$42.2 million in fishing-related expenditures, as well as an estimated $59.3 million in
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additional water-based recreation expenditures each year (Gilbert 1999a). 

In addition to the above benefits the proposed program responds to the specific objective
of the eight-year experimental sea lamprey control program, as described in its associated
FEIS, which was to:

“...formulate long-range policy and management strategies for minimizing the effects of
sea lamprey in Lake Champlain.  Strategies would include a combination of best available
techniques which would provided optimum results in terms of fish resource and fishery
benefits as well as environmental compatibility, cost-effectiveness and economic
benefits.”
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II.  PRECEDENTS, LEGAL AND RELATED REQUIREMENTS

A.  Precedents

1.  Great Lakes

A program to control the invasive sea lamprey began in the upper Great Lakes in the early
1950s with the construction of mechanical and electrical barriers on tributaries in attempts
to block sea lamprey spawning migrations.  These control measures were not considered
effective until the discovery and use of the selective lampricide, %,%,%,-Triflouromethyl-4-
nitro-cresol, sodium salt (3-trifluoromethyl-4-nitrophenol or TFM) in 1958, which
resulted from an extensive screening of over 6000 chemicals (Smith and Tibbles 1980). 
Barriers were largely phased out by 1970, with a few remaining ones maintained primarily
for monitoring spawning runs (Smith and Tibbles 1980).  The Great Lakes Fishery
Commission (GLFC) renewed interest in developing barrier dams and established a barrier
program in 1975 as part of an integrated sea lamprey control program.  There are currently
61 barriers maintained by GLFC throughout the Great Lakes basin (Lavis et al. in review). 
Today, a product named Lamprecid ® with the active ingredient TFM (also known as TFN) is
the primary lampricide registered by the United States Environmental Protection Agency
(EPA) for the control of sea lamprey.  Niclosamide, 5-Chloro-N-(2-chloro-4-nitrophenyl)
2-hydroxybenzamide compound (1:1), is the active ingredient present in three formulations
registered by EPA for the use as lampricides under more limited circumstances:
Bayluscide 70% Wettable Powder (EPS registry Number 6704-87), Bayluscide 5%
Granular Sea Lamprey Larvicide (EPA Registry Number 6704-90), and Bayluscide 3.2%
Granular Sea Lamprey Larvicide (EPA Registry Number 6704-91) (NRCC 1985).  The
chemical name, 2',5-dichloro-4'-nitrosalicylanilide is an alternative name for niclosamide. 
Bayluscide is also known as Bayer 73 or clonitralid.  Sea lamprey control within the Great
Lakes basin is under the jurisdiction of the GLFC with the actual control operations
conducted under contract by the Service and the Department of Fisheries and Oceans,
Canada.  The history of chemical lampricide use in the Great Lakes is summarized on pp.
68-70 of the FEIS.

In New York State, chemical lampricides were first used for sea lamprey control in 1971 in
conjunction with the GLFC program in Lake Ontario.  These treatments have continued, and
today, streams are treated when sea lamprey larvae reach transformation size, normally
every three to five years.  Treatments of most sea lamprey-inhabited tributaries of the
Oneida Lake system were initiated in 1984, resulting in further suppression of the Lake
Ontario sea lamprey population and a corresponding increase in Lake Ontario lake trout
survival (Elrod et al. 1995).
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2.  New York Finger Lakes  

The NYSDEC, Division of Fish, Wildlife and Marine Resources, used TFM and Bayluscide
in a five-year field trial of sea lamprey control in the Seneca Lake system.  The program
was undertaken only after a thorough review of need and feasibility, a comprehensive
analysis of environmental impacts and extensive public review (Jolliff et al. 1980, 1981). 
The first of two treatments was completed in 1983 and the second was conducted in the fall
of 1986.  Sea lamprey control was very effective in Seneca Lake, significantly reducing
lamprey-induced mortality in salmonids and improving salmonid survival; estimated annual
lamprey-induced mortality on age 3-15 lake trout declined from an average of 14.4 percent
in 1977-82 to an average of 1.4 percent in 1986-88 (Engstrom-Heg and Kosowski 1991). 
Following assessment of management alternatives, a long-term sea lamprey control
program was developed to maintain the improved Seneca Lake fishery (Kosowski and
Hulbert 1993).

In 1986, NYSDEC initiated TFM treatments in Cayuga Inlet to control sea lamprey in the
Cayuga Lake system, which was unsuccessfully challenged by opponents of the program.  A
summary of the legal issues surrounding the Cayuga Lake program and the resulting
adjudicatory decision are presented in pp. 69-70 and Appendix H of the FEIS.  The program
resulted in a 98.7 percent reduction in sea lamprey abundance and dramatic improvements
in salmonid fishing quality, including a 69 percent increase in catch rate for trophy-sized
salmonids (Bishop and Chiotti 1996).  Unique features of Cayuga Inlet allowed the
implementation of an integrated pest management approach using both mechanical and
chemical methods for long-term sea lamprey control (Chiotti 1996).

3.  Lake Champlain

NEPA Compliance:

The history of the Lake Champlain salmonid fishery restoration program and development
of the eight-year experimental sea lamprey control program and FEIS is summarized in
Section III.A. of this document.  The FEIS was published on July 19, 1990 and the Record
of Decision was issued on September 11, 1990.

The Cooperative also prepared an Environmental Assessment (EA) for the proposed 1996
Poultney River treatment in accordance with NEPA and the Federal Aid in Sportfish
Restoration Act (Fisheries Technical Committee 1996).  This was due to the minor change
in scope of the Proposed Action as described in the FEIS, stemming from potential impacts
to recently state-listed species and the expectation of controversy surrounding the
treatment.  The Service issued a Finding of No Significant Impact regarding the Proposed
Action described in the EA on October 1, 1996. 
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In addition to meeting NEPA requirements, NYSDEC and VTDFW were required to obtain
permits to conduct lampricide applications during the experimental program from their
respective state regulatory agencies (See Section II.E.).  

New York Permits:

New York’s Region 5 Fisheries Unit obtained four permits authorizing use of TFM and
Bayluscide 5% Granular in New York waters.  Three were issued by NYSDEC on August
29, 1990.  These included a Freshwater Wetlands Permit relevant to wetlands outside of the
Adirondack Park boundaries and two Permits to Use Chemicals for the Control and
Extermination of Undesirable Fish.  The latter two are also known as Pesticide Use
Permits.  One was for use of TFM in streams and the other was for Bayluscide applications
on stream deltas.  The above permits collectively were assigned identification number DEC
#5-9905-00002/00001-0.  The fourth permit was an Adirondack Park Agency Freshwater
Wetlands permit (#88-1014) issued on September 7, 1990 relevant to wetlands within the
Adirondack Park boundaries.

Early in 1992, the Region 5 Fisheries Unit requested modification of specific conditions in
the NYSDEC Freshwater Wetlands and TFM Pesticide Use Permits.  Schedule changes
were requested to allow treatment of the Great Chazy and Poultney Rivers in 1992 and
1996, as planned 1991 treatments were cancelled due to technical concerns related to low
flows.  More flexibility in allowing such schedule changes without formal permit
modification was requested.  Additionally, requests were made for deletion of Poultney
River-specific conditions requiring attenuation of TFM concentrations to 0.8 MLC below
Coggman Bridge and those relative to in-situ eastern sand darter biomonitoring, mortality, a
stop-work trigger and development of a recovery plan.  Date changes were allowed and
some minor relief from the 0.8 MLC attenuation requirement was granted by allowing the
TFM concentration not to exceed “an average of 0.80 MLC with a maximum variation of
+0.10 MLC...”  However, most of the requests were denied in the modified permits issued
on March 19, 1992.

Typographical errors were discovered in the schedule of treatment dates for Beaver Brook
and Putnam Creek in the modified TFM Pesticide Use Permit issued March 19, 1992.  New
York’s sea lamprey control project manager filed a request for their correction, and these
were revised with another permit modification issued on March 21, 1994.

The Cooperative documented the results of the largely ineffective 1992 treatments on the
Poultney and Hubbardton Rivers, and New York’s project manager again requested
modification of the NYSDEC Freshwater Wetlands and TFM Pesticide Use Permits. 
Requests for modification were filed on October 26, 1995 and December 7, 1995.  On
April 22, 1996, the permits were modified to allow treatment of the Poultney River with
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TFM at a mean treatment level of 1.0 MLC as determined by bioassay techniques with no
attenuation requirement at Coggman Bridge, and to allow simultaneous treatment of the
Poultney and Hubbardton Rivers.

In October 1996, additional modifications were requested to allow treatment of the
Poultney and Hubbardton Rivers at water temperatures less than 45 degrees Fahrenheit and
to change the last allowable date of treatment of these and other waters from October 30 to
October 31.  Modified permits containing these changes were issued on October 25, 1996.

No modifications were requested throughout the experimental program for the NYSDEC
Bayluscide Pesticide Use Permit.  

The expiration date of the NYSDEC Freshwater Wetlands Permit was designated as
December 31, 1996.  No definitive expiration date was listed for NYSDEC Pesticide Use
and the Adirondack Park Agency Freshwater Wetlands Permits, but the conditions
contained in the permits essentially resulted in their expiration at the same time.

In April 1998, the New York Region 5 Fisheries Unit initiated the State Environmental
Quality Review Act (SEQRA) process to be eligible to obtain new permits for, and continue
independent TFM treatments on, the nine known sea lamprey-producing tributaries totally
contained within New York’s borders.  Because of its shared status with Vermont, the
Poultney River was not included in this assessment process.  The assessment culminated in
the issuance of a Negative Declaration of Significance on April 29, 1998 that was published
in the New York State Environmental Notice Bulletin on May 6, 1998.  In brief, the
negative declaration determined that the proposed Lake Champlain sea lamprey control
consisting of TFM stream treatments would not have a significant, adverse environmental
impact.  It described the action as involving the control of the abundance of sea lamprey in
Lake Champlain by application of chemical lampricides to the Great Chazy, Saranac,
Salmon, Little Ausable, Ausable and Boquet Rivers, Beaver Brook, Putnam Creek, and
Mount Hope Brook.  The project would continue the stream treatments and fundamental
mitigation strategies first initiated in 1990 pursuant to the FEIS.

Applications were submitted for a new NYSDEC Freshwater Wetlands Permit, a new
Permit to Use Chemicals for the Control and Extermination of Undesirable Fish, and a new
Adirondack Park Agency Freshwater Wetlands permit.

In response, the Adirondack Park Agency issued Permit #97-213 on June 12, 1998,
designating it as an amendment to Permit #88-1014.

In order for NYSDEC to issue its TFM Pesticides Use Permit, the requirements of
6NYCRR § 328.1(b) had to be met regarding riparian user consent to the project.  During
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February and March, 1998, in accord with this regulation, the regional Fisheries Unit
conducted a survey of affected riparian property owners to determine if landowners
consented to temporary restriction of water use while TFM was present in the water
adjoining their property.  Staff mailed surveys for 1391 parcels, and 1151 (83%) were
returned.  An overwhelming majority of responses (1090 or 95%) consented to the
temporary restrictions.  A few (26 or 2%) objected.  Thirty-five responses (3%) neither
consented or objected.

The standard set forth in 6NYCRR § 328.1(b) was as follows:  “For the protection of
riparian uses, no such permit shall be issued except where the applicant has certified that
the affected riparian users have agreed to temporary curtailment of their uses incidental to
treatment or unless the applicant demonstrates to the satisfaction of the commissioner that
any non-consenting riparian users will not be significantly adversely affected by the use of
the chemicals subject to such limitations as are set forth in the permit.”

A consent survey conducted in 1990 before the original Lake Champlain treatments yielded
similar proportions of consenting and non-consenting responses, and all required NYSDEC
permits were issued.  Previously, on April 22, 1986, Commissioner Langdon Marsh
addressed the issue of non-consenting riparians in the matter of the application of the
Bureau of Fisheries for permits to apply lampricide to certain tributaries of Cayuga Lake by
stating “Non-consenting riparian owners will suffer only a temporary loss of use of lake
water for potable purposes and will be provided free bottled water for the duration of the
TFM treatment.”  He directed Department staff to issue the required permits for that
project.

On August 26, 1998, Commissioner John P. Cahill determined that “Non-consenting
riparian owners have raised no substantive issues and will be affected only temporarily due
to a loss of use of stream or lake water.  Further, any essential water needs during that
period will be satisfied by Region 5 Fisheries staff as outlined in the Prior Notification,
Posting and Water Supply Plan (June 1998).  Accordingly, I hereby direct Department staff
to issue the required permits with conditions appropriate for protecting environmental
resources.”  NYSDEC issued its new Freshwater Wetlands and TFM Pesticide Use Permits
on September 10, 1998 and collectively assigned identification number DEC #5-9905-
00002/00003 to them.

There were no legal challenges specific to the permits or their modifications in New York. 
 
Vermont Permits:

VTDFW obtained its Aquatic Nuisance Control Permit (C-90-01) on March 4, 1990,
authorizing TFM treatments of all of the Vermont tributaries proposed in the FEIS, except
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for the Poultney/Hubbardton River system.  The permit also authorized the use of
Bayluscide 5% Granular sea lamprey larvicide for larval sea lamprey population surveys. 
On October 4, 1990, VTDFW requested its permit be amended to enable TFM treatment in
the Poultney and Hubbardton Rivers in 1991 and 1995.  These permit amendments were
granted by the Vermont Department of Environmental Conservation (VTDEC) on April 4,
1991 (permit C-90-01 Amendment), but the 1991 treatment was cancelled due to
unfavorable river flows.   

VTDFW obtained five modifications to the amended permit, which were granted in a new
permit (C-92-01) on March 17, 1992, including changing the initial year for treatment of
the Poultney and Hubbardton Rivers to 1992 and extending the permit to allow the second
treatment in 1996.  The Poultney River Committee, a local citizens group, filed an appeal
of permit C-92-01 with the Vermont Water Resources Board (WRB) on April 15, 1992,
with intent to enjoin the entire permit.  The WRB issued a preliminary order on August 11,
1992, ruling that only the most recent five amendments could be appealed.  The Poultney
River Committee appealed the WRB ruling to the Rutland Superior Court, and the Court
ruled in favor of the WRB ruling on February 3, 1994 (Docket No. S0693-92RcCa).  Since
the appeal itself did not stay the actions authorized in the permit, treatments of the
Poultney and Hubbardton Rivers took place on September 24 and 25, 1992.  On the day
before the treatments, the Poultney River Committee unsuccessfully sought to obtain a
Rutland Superior Court Order to stop the treatments until the WRB heard the appeal.  The
appeal case finally reached the Vermont Supreme Court (Docket No. 94-165), where it
agreed with the WRB’s ruling and issued its decision on June 26, 1995.  On August 23,
1995 the Poultney River Committee indicated to the WRB that it still intended to proceed
with the appeal of permit C-92-01.  The WRB granted a request by VTDFW to withdraw
permit C-92-01 and subsequently dismissed the Poultney River Committee’s appeal on
November 1, 1995.  By withdrawing permit C-92-01, VTDFW gave up its authorization to
conduct the second treatments of the Poultney and Hubbardton Rivers until it obtained a
new permit authorizing the treatments. 

Restrictive conditions in the permits allowing the 1992 Poultney River treatment rendered
the treatment ineffective; therefore, VTDFW, like NYSDEC, requested less restrictive
conditions to increase the effectiveness of the second experimental treatment scheduled
for 1996.  The conditions were granted to VTDFW in a new Aquatic Nuisance Control
Permit (C-96-06) on October 10, 1996.  After the previous permit (C-92-01) was granted,
one new aquatic species inhabiting the Poultney River was added to the Vermont threatened
and endangered species list and proposed listing of other Poultney River species were in
the rule-making process in 1996 (see Section VI.D. for currently listed species); this
required VTDFW to apply for a Threatened and Endangered Species Permit, which was
issued by the Vermont Agency of Natural Resources on September 13, 1996.  
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The second Poultney and Hubbardton River TFM treatment was conducted on October 30,
1996.
The Poultney River Committee appealed the VTDFW permit (C-96-06) and filed a Motion
to Stay with the WRB on October 25, 1996.  The WRB denied the motion, concluding that
it had no authority to issue Stays, and that it could not meet to hear and rule on the appeal
prior to the scheduled treatment.

4.  Summary

The precedent for using the chemical lampricides TFM and Bayluscide for control of sea
lamprey has been established by over 40 years of effective and safe use in the Great Lakes
in a program administered by GLFC.  More recently, this precedent has been expanded by
the addition of control programs in Seneca and Cayuga Lakes which are administered by
NYSDEC, and the experimental program in Lake Champlain administered by the
Cooperative.  The 1990 decision to use TFM and Bayluscide in the Lake Champlain basin
followed careful review of a massive scientific and legal record, which included the Seneca
and Cayuga Lakes decisions.  This, in conjunction with the scientific findings of the eight-
year experimental program evaluation and related legal record from the Lake Champlain
program, along with continuing advancements in sea lamprey control technology through
research sponsored by GLFC (See Section IV), provides a strong basis for continued use of
these chemical lampricides, integrated with use of barriers and other alternative control
methods where feasible, for sea lamprey control in the Lake Champlain basin.

B.  Statutory Authority

Statutory authority to control sea lamprey within the U.S. portion of the Lake Champlain
basin rests with governmental agencies having broad responsibilities for the management of
fish and wildlife resources.  In New York, this authority is vested within the New York State
Department of Environmental Conservation, while in Vermont, it is within the Vermont
Department of Fish and Wildlife.  The Service is authorized by federal statutes to cooperate
with state agencies in such programs.  Specific authority for each agency is summarized
below.

1.  New York

Articles 11 and 13 of the Environmental Conservation Law (ECL) direct NYSDEC in
management of the fish and wildlife resources of the state. 

2.  Vermont

Authority to control sea lamprey in Vermont waters of Lake Champlain is provided in
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Subchapter 2, Section 4081 and Subchapter 3, Section 4081 and Subchapter 3, Section
4138 of Title 10 of Vermont Fish and Wildlife Laws and Regulations.

3.  U.S. Fish and Wildlife Service

NEPA requires that an environmental impact statement be prepared for federal actions
which significantly affect the human environment.  The Service is directly involved in this
proposal through:  1) the actions of Service employees who conduct sea lamprey control;
2) because funding the proposal will involve use of Federal Aid in Sportfish Restoration
Act funds administered by the Service and used by the states of Vermont and New York, as
well as other federal funds; and 3) because of the potential for lampricides to be applied
within the Missisquoi National Wildlife Refuge.

The Service is authorized by 16 U.S.C. Section 661-666 (Fish and Wildlife Coordination
Act) to provide assistance to federal, state, and other agencies in development, protection,
rearing, and stocking of fish and wildlife and controlling losses thereof.

Further authority to control sea lamprey in Lake Champlain was specifically granted to the
Service through Section 304 (c) paragraph (2) of the Lake Champlain Special Designation
Act of 1990 (P. L. 101-596):

“To accomplish the purposes of paragraph (1), the Director of the United States Fish and
Wildlife Service is authorized to carry out activities related to -

(A) controlling sea lampreys and other nonindigenous aquatic animal nuisances;...”

The Lake Champlain Special Designation Act Statement of Legislative Intent clarified this
authority:  “Recognizing that aquatic nuisance species are causing great damage to the
fishery resources in the basin, the Secretary of the Interior (Secretary) is given clear
authority to conduct sea lamprey control activities and other salmonid restoration work. 
The Secretary should also use, as appropriate, equipment purchased with funds provided
through the Great Lakes Fishery Commission.”

C.  EPA Registration, Labels, Use Patterns, and Tolerances

Before the use of any pesticide, such as TFM or Bayluscide, is permitted, the sponsor must
first obtain the approval of the EPA.  The EPA has developed a well-defined set of
guidelines, regulations, and data requirements that must be provided to obtain approval for
use.  These EPA mandates require the sponsor to demonstrate that use of the pesticide has
no long-term effect on the environment or nontarget organisms, does not leave persistent
residues, does not break down into other toxic substances, does not pose a health hazard to
applicators, and does not have unanticipated long-term effects on human or animal life. 
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EPA issues a registration number for each pesticide approved.  A change in the pesticide
formulation requires approval from EPA which is granted through an amendment to the
registration and product label.

EPA often establishes tolerances for pesticides.  A tolerance is the legal maximum residue
of a pesticide or chemical allowed to remain in or on a food, or a particular class of food,
after treatment with an approved compound, usually following an appropriate interval after
application.  EPA has not established tolerances or carried out dietary risk assessments for
lampricides because these compounds are considered to be non-food and because no
lampricide residues are expected to occur in and on food/and or feed or in drinking water,
based on current use patterns (EPA 1999). 

1. TFM (Lamprecid®)

The use of a liquid TFM formulation has been approved by the EPA as a lampricide.  In the
United States, this approval carries EPA registration number 6704-45.  The current TFM
product label permits its use for sea lamprey control in the Lake Champlain system (see
Appendix B).  The treatment procedures proposed for use in Lake Champlain are consistent
with the use pattern described on the label and detailed in GLFC standard operating
procedures (Klar and Schleen 1999).  Liquid TFM formulation contains approximately 36
percent active ingredient; isopropanol is presently used as the carrier or solvent for the
liquid TFM, and is the primary inert ingredient.

TFM is also available in a solid bar formulation and its use as a lampricide has been
approved by the EPA (registration number 6704-86).  The bars are water soluble,
containing approximately 22 percent active ingredient.  They are used to treat small
tributaries entering treated streams and are formulated to dissolve at a precise, constant
rate in flowing water.  The proposed use of TFM containing bars is consistent with the use
patterns described on the label (see Appendix B) and detailed in GLFC standard operating
procedures (Klar and Schleen 1999).  

2. Bayluscide 3.2% Granular Sea Lamprey Larvicide

Bayluscide 3.2% Granular sea lamprey larvicide has been approved by the EPA for larval
sea lamprey population surveys, and for control of sea lamprey larvae in waters of the Great
Lakes basin and the Lake Champlain system.  This approval carries EPA Registration
Number 6704-91.  Since the former EPA-approved label for the previous formulation of
Bayluscide 5% Granular only allowed its use for larval sea lamprey population surveys,
NYSDEC issued a supplemental label which permitted its use for control of sea lamprey
larvae in lakes by aerial application.  This supplemental label, now expired, carried the
Special Local Need Registration No. NY-900002 (EPA Reg. No. 6704-91). 
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NYSDEC's issuance of a supplemental label for Bayluscide 5% Granular followed a major
research effort in Seneca Lake, New York in 1982 to meet information requirements by its
Bureau of Pesticides Management and the New York State Department of Health.  Required
studies dealt with niclosamide residues in water and fish, efficacy for sea lamprey control
and impacts on fish survival.  Results were reported by Ho and Gloss (1987) and Engstrom-
Heg (1983).

The use pattern for Bayluscide 3.2% granules as proposed for Lake Champlain is consistent
with the EPA label (see Appendix B), and detailed in GLFC standard operating procedures
(Klar and Schleen 1999).  Since the current Bayluscide 3.2% label prohibits aerial
application, widespread delta sea lamprey infestations identified for treatment will be
treated using surface application methodology.  Should delta populations become
distributed over areas so large they cannot feasibly be treated using standard surface
methodologies, an emergency exemption from label instructions may be sought from the
EPA to allow aerial application.  

3. Bayluscide 70% Wettable Powder

Bayluscide 70% Wettable Powder has been approved by the EPA as a lampricide in
combination with TFM in stream treatments.  The approval carries the registration number
6704-87.  During treatments of selected larger streams, the wettable powder formulation is
applied concurrently with TFM to reduce the required amount of TFM by up to 50 percent. 
When used in combination with TFM, niclosamide typically constitutes 0.5 percent to 2
percent of the total active ingredient on a weight-to-weight ratio (Klar and Schleen 1999). 
The use patterns for Bayluscide 70% Wettable Powder as proposed for use in Lake
Champlain are consistent with EPA labels (Appendix B) and are described in Klar and
Schleen (1999).

4. Bayluscide 20% Emulsifiable Concentrate

A liquid Bayluscide formulation containing about 20 percent active ingredient
(niclosamide) is currently under  development (Klar and Schleen 1999) and has been field
tested and evaluated by Great Lakes sea lamprey control units (Bills et al. 1998).  This
formulation, which is not currently registered, would be intended for use in combination
with TFM similar to the current use of Bayluscide 70% Wettable Powder.  Successful
registration of this emulsifiable concentrate will simplify the procedure for applying TFM
and niclosamide in combination to selected tributaries.  
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D.  Permits and Related Requirements

1.  New York

Requirements for lampricide application in New York State waters include the following:

• Compliance with the New York State Environmental Quality Review Act (SEQRA).

• Permits from NYSDEC to Use Chemicals for the Control and Extermination of
Undesirable Fish, sometimes called Pesticide/Aquatic Use Permits pursuant to ECL
Article 15 and 6NYCRR, Part 328. 

• Freshwater Wetlands Permits pursuant to ECL Article 24, and within the Adirondack
Park pursuant to Executive Law, §§809 (14), 810.  One is necessary from the
NYSDEC for waters with regulated wetlands outside of the Adirondack Park, and
one is necessary from the Adirondack Park Agency (APA) for waters with regulated
wetlands within the Adirondack Park.

• State registration of TFM and Bayluscide for sea lamprey control purposes, and
Bayluscide for sea lamprey population survey purposes, by NYSDEC.

• An Emergency Exemption from the EPA would be required if an aerial application
of Bayluscide 3.2% Granular should become necessary for sea lamprey control
purposes.

• A Beaver Dam Removal Permit from NYSDEC for each beaver dam which is to be
breached or removed in conjunction with treatment operations.

• Compliance with regulations pertinent to eligibility for pesticide applicator
certification, as specified by 6NYCRR §325.8.  That is, anyone applying these
pesticides must be a New York State certified applicator in Commercial Category
5C, Aquatic Pest Control, or a certified commercial technician or commercial
pesticide apprentice under the on-site, direct supervision of a certified commercial
pesticide applicator.

Requirements for construction of barrier dams in New York State waters include the
following:

• Compliance with SEQRA.

• Freshwater Wetlands Permits pursuant to ECL Article 24, and within the Adirondack
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Park pursuant to Executive Law, §§809 (14), 810 if regulated wetlands are involved. 
One is necessary from the NYSDEC for waters with regulated wetlands outside the
Adirondack Park, and one is necessary from the APA for waters with regulated
wetlands within the Adirondack Park.

• Permission from private landowners to remove any Protected Native Plants, if
present, in compliance with 6NYCRR Part 193.3.  The removal of Protected Native
Plants from state land may only be performed if the state issues a Temporary
Revocable Permit in accord with Education Law § 233 .

• Water quality certifications from NYDEC under Section 401 of the Clean Water
Act if applicable.

• Meeting of Dam Safety requirements pursuant to ECL Article 15.  

• Construction in Flood Hazard Areas review pursuant to ECL Article 36 and
6NYCRR, Part 502.

• Individual permits from the U.S. Army Corps of Engineers pursuant to Section 404
of the Clean Water Act if applicable.

• New York State Historic Preservation Act review, if the project affects sensitive
archeological areas.

• Review in accordance with New York State Wild and Scenic and Recreational Rivers
Act.

• Property easements or fee title purchase of barrier site. 

• Local building permits if applicable.

2. Vermont

Requirements for lampricide application in Vermont waters include the following:

• Permits from VTDEC to control aquatic nuisances pursuant to Title 10 V.S.A.,
Chapter 47, Section 1263a. 

• Permits from VTDEC to use the tracer dye Rhodamine WT in conjunction with
lampricide application pursuant to Section 2-03-B.2 of the Vermont Water Quality
Standards.
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• Registration of lampricides with the Vermont Department of Agriculture for use
within the state.

• Anyone handling lampricides must be a certified applicator in Non-Commercial
Category 5C, Aquatic Pest Control.

• Endangered and threatened species permit(s) from the Vermont Agency of Natural
Resources pursuant to Title 10 V.S.A., Chapter 123, Section 5408, to apply
lampricides to certain streams inhabited by sea lamprey if state-listed endangered
and threatened species are also present and could potentially be affected by
lampricide treatment. 

Requirements for construction of sea lamprey barriers in Vermont waters include the
following:

• Permits from VTDEC to control aquatic nuisances pursuant to Title 10 V.S.A.,
Chapter 47, Section 1263a. 

• Stream Alteration Permits from VTDEC pursuant to Title 10 V.S.A. Chapter 41,
Subchapter 2.

• Permits to obstruct the passage of fish from VTDFW pursuant to Title 10 V.S.A.
Chapter 111, Section 4607.

• Endangered and threatened species permit(s) from the Vermont Agency of Natural
Resources pursuant to Title 10 V.S.A., Chapter 123, Section 5408, to construct
barriers on certain streams inhabited by sea lamprey if state-listed endangered and
threatened species are also present and could potentially be affected by a barrier.

• Wetlands Conditional Use Determinations from VTDEC may be required pursuant
to 10 V.S.A. Chapter 37, Section 905 (7-9), if the project will impact wetlands.

• Individual permits would likely be required from the U.S. Army Corps of Engineers
pursuant to Section 404 of the Clean Water Act.

• Water quality certification from VTDEC would likely be required under Section 401
of the Clean Water Act.

• Review by the Division of Historic Preservation if the project affects sensitive
archeological areas.
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• Permission must be granted from all landowners whose land is impounded by the
project. Property easements or purchase of barrier site is recommended.   

• Local building permits may be required.

Utilization of alternative sea lamprey control techniques other than lampricides or barriers
may also require permits from VTDEC to control aquatic nuisances pursuant to Title 10
V.S.A., Chapter 47, Section 1263a. 

3. U.S. Fish and Wildlife Service

The proposed sea lamprey control activities would potentially involve one area under the
jurisdiction of the Service.  Lampricide application to the Missisquoi River affecting
Missisquoi National Wildlife Refuge, would require a Special Use Permit issued by the
Refuge Manager should treatment of this tributary become necessary.  The Department of
the Interior requires the filing of a "Pesticide Use Proposal" 60 days prior to the
application of a pesticide.   

4. Quebec

Requirements for lampricide application in Quebec waters include the following:

• Using lampricides in Quebec requires a Certificate of Authorization according to
the Environment Quality Act (R.S.Q. Q-2).  

• A copy of a map showing land use/land cover must be supplied along with a
certificate from the clerk or secretary/treasurer of the local municipality stating the
realization of the project does not violate any municipal by-laws. 

• Quebec Directive 017 form must be submitted.  

• Article 32 of the federal law on Fisheries in Canada forbids the cause of death of
fish by means other than fishing unless authorized.  Subsequent forms must be sent
to the Chief of Protection de l’habitat du poisson, Pêches et Océans Canada.

• Anyone handling lampricides must be certified in Quebec and the people
participating in the operation must be formed (educated) by Quebec’s school
system.  If not educated  in the Quebec system, applicant must demonstrate their
competency in applying pesticides.
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Requirements for construction of sea lamprey barriers in Quebec waters include the
following:

• Building a dam or similar barrier structure in Quebec requires a Certificate of
Authorization according to the Environment Quality Act (R.S.Q. Q-2).  A copy of
the zone or use of the territory concerned must be supplied along with a certificate
from the clerk or secretary/treasurer of the local municipality stating the realization
of the project does not violate any municipal by-laws.

E.  Protection for Endangered and Threatened Species

1. Federal

Under the Endangered Species Act of 1973 as amended (16 U.S.C. 1531 et seq.), statutory
protection is afforded to endangered and threatened wildlife at the national level. 
Administration and enforcement of this Act is the responsibility of the U.S. Department of
Interior, Fish and Wildlife Service.  The purpose of the Endangered Species Act is to
conserve "the ecosystem upon which endangered and threatened species depend" and to
conserve and recover listed species.  Under the law, species may be listed as either
"endangered" or "threatened."  Endangered means a species is in danger of extinction
throughout all or a significant part of its range.  Threatened means a species is likely to
become endangered within the foreseeable future.  All species of plants and animals, except
pest insects, are eligible for listing as endangered or threatened.

Section 9 of the Endangered Species Act makes it unlawful for a person to "take" a listed
species.  The Act says "the term take means to harass, harm, pursue, hunt, shoot, wound,
kill, trap, capture, or collect or attempt to engage in any such conduct."  The Secretary of
the Interior,
through regulations, defined the term "harm" in this passage as "an act which actually kills or
injures wildlife.  Such act may include significant habitat modification or degradation
where it actually kills or injures wildlife by significantly impairing essential behavior
patterns,
including breeding, feeding, or sheltering."

Based on the current lists, 50 CFR 17.11 (wildlife) and 50 CFR 17.12 (plants), no
federally-listed or proposed threatened or endangered species under the jurisdiction of the
Service are known to occur in the project area, with the exception of resident or transient
bald eagles.  No nesting bald eagles are known to exist within the project area.  Eagles
would be unaffected by proposed sea lamprey control strategies.

Preparation of a Biological Assessment or further consultation under Section 7 of the
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Endangered Species Act is not required as proposed sea lamprey control will not affect
federally-listed species.  Should project plans change, or additional information on listed
or proposed species becomes available, this determination may be reconsidered. 

2. New York

Section 11-0535 of New York's Environmental Conservation Law prohibits "the taking,
importation, transportation, possession or sale of any endangered or threatened species of
fish, shellfish, crustacea or wildlife, or hides or other parts thereof, or the sale or
possession with intent to sell any article made in whole or in part from the skin, hide or
other parts of any endangered or threatened species of fish, shellfish, crustacea or
wildlife... except under license or permit from the department."

Section 9-1503 of Environmental Conservation Law permits NYSDEC to list protected
plants by Rule and Regulation and also prohibits any person from knowingly picking,
plucking, severing, removing, damaging by the application of herbicides or defoliants or
carrying away any protected plant.  New York's rare plants are legally protected only if they
are listed under the U.S. Endangered Species Act of 1973 or in the Protected Native Plants
list (6NYCRR 193.3).

In New York, an endangered species is one which has been determined to be in imminent
danger of extinction or extirpation in the state, or is federally listed as endangered.  A
threatened species is one that is likely to become endangered within the foreseeable future
in the state, or is federally listed as threatened.  A special concern species is a native
species not yet recognized as endangered or threatened, but for which a welfare concern or
risk of endangerment has been documented.  Special concern species are not protected by
law.  All determinations of special designations in New York are made by NYSDEC and are
listed in 6NYCRR §182.6.

3. Vermont

Authority for protection of endangered species of plants and animals in Vermont is
provided in Chapter 123, Section 5403 of Title 10 of Vermont Fish and Wildlife Laws and
Regulations.  This Section provides that "(a)  Except as authorized under this Chapter, a
person shall not take, possess or transport wildlife or plants that are members of an
endangered or threatened species" and "(b)  The Secretary may, with advice of the
endangered species committee, adopt rules for the protection and conservation of
endangered and threatened species."

The Vermont Endangered Species Committee submitted a list of recommended species on
September 24, 1986, to the Secretary of the Agency of Environmental Conservation for his
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approval.  The Secretary approved these lists on November 3, 1986, and they were
submitted for formal adoption as a rule under the Administrative Act as outlined under Title
3, Section 801 et seq.  The lists became legally binding in 1987.  Listing changes are
recommended through the Endangered Species Committee and legally revised through
rulemaking.

In Vermont, an endangered species is any species whose continued existence as a viable
component of the state's wild flora or fauna is determined to be in jeopardy including
endangered species listed under the Federal Endangered Species Act.  A threatened species
is one which appears likely to become endangered within the foreseeable future or is
determined to be a threatened species under the Federal Endangered Species Act. 
Scientific Advisory Groups maintain unofficial lists of species of special concern for
periodic consideration by the Vermont Endangered Species Committee (Vermont
Endangered Species Committee 1986). 

4. Quebec

Canada currently does not afford legal protection to endangered and threatened species at
the federal level.  Canadian legislation to protect species at risk has recently been
introduced, but has not been adopted into law.

The Quebec provincial government passed An Act respecting threatened or vulnerable species
(R.S.Q. E-12.01) in 1989.  This Act established a framework for legal designations of
threatened and vulnerable plant and wildlife species, and for protection of designated plant
species.  Protection of threatened and vulnerable wildlife (vertebrate) species designated
under this Act are protected under jurisdiction of  An Act respecting the conservation and
development of wildlife (R.S.Q. C-61.1).  

In Quebec, the “threatened” designation is defined as a species which is likely to disappear
(similar to “endangered” in the United States); the “vulnerable” designation is defined as a
species whose survival is precarious even if it is not likely to disappear (similar to
“threatened” in the United States).  There is also the legal designation of  “susceptible”, that
indicates a species in a precarious situation, but in need of further study in order to decide
whether or not it should be designated as threatened or vulnerable (Beaulieu, 1992; Jean
Dubé, Société de la Faune et des Parcs du Quebec, Longueuil, Quebec, personal
communication).  

Applications for permits required to conduct sea lamprey control in Quebec (described in
Section II.D.4.) would be reviewed with greater caution and permit conditions may be more
restrictive if the authorized activities may affect threatened, vulnerable or susceptible
species  (Jean Dubé, Société de la Faune et des Parcs du Quebec, Longueuil, Quebec,
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personal communication; Daniel Savoie, Ministere de l’Environment, Longueuil, Quebec, 
personal communication).
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III.  HISTORY/DEVELOPMENT OF 1990-1997 EXPERIMENTAL PROGRAM

A.  Background

Lake Champlain supported indigenous populations of landlocked and/or sea run Atlantic
salmon and lake trout during its early settlement.  The FEIS states both species were rapidly
depleted as development in the area progressed during the 1800s.  In the late 1950s and
early 1960s, New York and Vermont began annually stocking lake trout and landlocked
salmon that produced a limited fishery.  Encouraged by this success, New York, Vermont,
and the Service formed the Lake Champlain Fish and Wildlife Management Cooperative in
1973.  A major goal of this cooperative was to develop and maintain a diverse salmonid
fishery.  A Strategic Plan for Development of Salmonid Fisheries in Lake Champlain was
adopted and implemented in 1977 by the Cooperative’s Fisheries Technical Committee
(Fisheries Technical Committee 1977).  The objectives of this program were to re-
establish a lake trout and landlocked Atlantic salmon fishery, establish a rainbow
(steelhead) trout fishery, and maintain the existing harvest of rainbow smelt.  Each
objective established a predicted sustainable harvest and a number of angler trips to be
generated for each species under consideration.  The Strategic Plan also identified sea
lamprey control as a potential future need to achieve these objectives.

An aggressive approach to investigating the impact of sea lamprey parasitism on salmonid
populations and fisheries, a "Lake Champlain Salmonid Assessment Program" was
developed and implemented in 1982 by the Fisheries Technical Committee (Fisheries
Technical Committee 1981).  Important objectives of this program were to assess sea
lamprey abundance and distribution in the lake, the salmonid populations and fisheries, and
the feasibility of establishing sea lamprey barriers on major sea lamprey producing
tributaries to Lake Champlain.

In 1985, the Salmonid/Sea Lamprey Subcommittee (a subset of the Fisheries Technical
Committee) reviewed and assessed findings of the three studies:  Lake Champlain Salmonid
Assessment Report (Plosila and Anderson 1985), Lake Champlain Sea Lamprey Assessment
Report (Gersmehl and Baren 1985) and Preliminary Feasibility Study for Sea Lamprey Barrier
Dams on Lake Champlain Tributary Streams (Anderson, B. E. et al. 1985).  The total harvest
of salmonids was found to be lower than estimates of Lake Champlain’s production
capability.  Large, old-aged fish were scarce, an unexpected condition given their superior
growth rates and light exploitation.  Based on these studies, the Cooperative determined
that sea lamprey parasitism was hampering the development of the salmonid fishery in Lake
Champlain.  Program alternatives for future management of the lake's salmonids and sea
lamprey were developed and analyzed in Salmonid-Sea Lamprey Management Alternatives for
Lake Champlain (Anderson, J. K. et al. 1985).  The Salmonid/Sea Lamprey Subcommittee
recommended an eight-year experimental sea lamprey control program.  Objectives
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included the reduction of sea lamprey through two rounds of lampricide treatments and an
evaluation of responses by the sea lamprey population and salmonid sport fishery.  The
recommendation was reviewed and adopted by the Lake Champlain Fish and Wildlife
Management Cooperative’s Policy Committee.

Pursuant to NEPA and New York SEQRA guidelines for preparation of a DEIS, four public
scoping meetings were held in New York and Vermont during October 1985.  The purpose
of those meetings was to review the proposed sea lamprey control program, and to allow
public input concerning issues that should be addressed in the environmental impact
statement.  The DEIS, Use of Lampricides in a Temporary Program of Sea Lamprey Control in
Lake Champlain with an Assessment of Effects on Certain Fish Populations and Sportfisheries
(NYSDEC et al. 1987) was released for public review in September 1987.

Three more studies were conducted before the FEIS was released.  These studies,
Evaluation of the Potential Impact of Lampricides (TFM and Bayer 73) on Lake Champlain
Wetlands (Gruendling and Bogucki 1986), Analysis of Rhodamine WT Dye Plume Studies on
Lake Champlain, New York (Myers 1987a) and Evaluating Lampricide Transport in Lake
Champlain  (Laible and Walker 1987), provided plume dilution and dispersion data required
to develop mitigation plans to avoid human and/or wetlands exposure to TFM.

The Cooperative published the FEIS for the eight-year experimental sea lamprey control
program in July 1990.  The FEIS discussed six program alternatives including a Proposed
Action alternative.  Four alternatives addressed sea lamprey control and continuation of
salmonid stocking; one, designated as the “No Action Alternative,” discussed no sea
lamprey control and reduced stocking; and one considered termination of the salmonid
program and no sea lamprey control.

Four of the alternatives received in-depth analysis including, the Proposed Action,
Alternative 1, which provided for a major, but temporary reduction in sea lamprey
abundance through application of the lampricides TFM and Bayluscide, while assessing the
impacts and benefits of that action.  Lampricides were to be applied twice in the most
infested areas as part of an eight-year experimental program.  Information gathered from
this program was expected to support an informed decision concerning the desirability of
continuing salmonid stocking and long-term sea lamprey control.  This alternative was
implemented in 1990.  

Alternative 2 assumed that long-term control of sea lamprey was desirable and proposed a
permanent program including salmonid stocking and full-scale permanent sea lamprey
control.  Although this program would probably have produced substantial benefits similar
to the Great Lakes and Finger Lakes programs, it was rejected in favor of Alternative 1 as it
would not provide the scientific evaluation as described above.   
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Both Alternative 3, continue salmonid stocking at reduced levels in Lake Champlain
without sea lamprey control, and Alternative 4, abandon any efforts to control sea lamprey
and terminate the salmonid program, were deemed unacceptable.  These four alternatives
are described in more detail on pages 18-41 of the FEIS. 
 

B.  The Eight-Year Experimental Sea Lamprey Control Program

The eight-year experimental sea lamprey control program, Alternative 1, initiated in
September 1990, focused on scheduled lampricide application to Lake Champlain
tributaries and deltas infested with larval sea lamprey (NYSDEC et al. 1990).  Several
deviations occurred during the experimental sea lamprey control program which modified
the original plan of control (Fisheries Technical Committee 1999): 

C A TFM treatment initially recommended for Indian Brook was withdrawn before
implementation of the experimental program to completely protect the northern
brook lamprey listed as endangered in Vermont.  

C Trout Brook was not treated with TFM during the first round of treatment because
permit conditions requiring capture and transfer of American brook lamprey listed
as threatened in Vermont, could not be satisfied.  

C The second of two scheduled lampricide TFM treatments was cancelled in Beaver
Brook (1994) and in Stone Bridge Brook (1995) because slow recolonization
following initial treatments resulted in low numbers of lamprey found in each
stream. 

C Assessment activities on the Little Ausable River Delta indicated that insufficient
recolonization had occurred to warrant a second round of Bayluscide treatment in
1995.

C The second round of TFM application to the Saranac River did not occur in 1996
because sea lamprey assessment activities indicated insufficient sea lamprey
recolonization had occurred to warrant treatment.  

During the experimental program two physical barriers to adult sea lamprey access to
spawning habitat were established.  

C An opportunity to rehabilitate a dam on the Great Chazy River at river mile 7.5
culminated in a new concrete dam with a projecting steel lip affixed to the crest. 
With some additional work this barrier will eliminate the need to treat 14 miles of
river above the barrier.
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C A dam was also rehabilitated on Lewis Creek which maintained that site as a sea
lamprey barrier at river mile 9.5.

 A Comprehensive Evaluation of an Eight Year Program of Sea Lamprey Control in Lake
Champlain (Fisheries Technical Committee 1999) compared results of the program to
evaluation standards set forth in A Comprehensive Plan for Evaluation of an Eight Year
Program of Sea Lamprey Control in Lake Champlain (Engstrom-Heg et al. 1990).  The
evaluation assessed the efficacy of lamprey reduction and its effects on the characteristics
of certain fish populations, the sport fishery and the area’s economy.  A summary of this
evaluation follows.

Sea Lamprey - Sixteen of 24 TFM treatments resulted in a reduction in catch rate of sea
lamprey larvae at index stations to less than 10 percent of pre-treatment levels.  Treatment-
zone, live-cage mortality in eight of the nine delta treatments conducted with Bayluscide
exceeded 85 percent.

Spawning phase sea lamprey were monitored throughout the eight-year control program
through adult trapping and by conducting nest counts in index sections of ten tributaries. 
There were substantial (80 to 90 %) reductions in the number of animals trapped compared
to pre-control levels.  Nest count data revealed a reduction in the number of sea lamprey
nests to 43 percent of pre-control levels.

Nontarget Species - Of the three species of native, nontarget lamprey (northern brook
lamprey, silver lamprey, and American brook lamprey) affected by both TFM and
Bayluscide treatments,  American brook and silver lamprey experienced heavy mortalities. 
Yet similar or greater native lamprey mortalities found in the second-round of treatments
in each stream where they were negatively affected during the first round demonstrated
their populations persisted.

Excluding native lamprey, TFM-related nontarget fish losses were minimal among most
species.  Routine post-treatment survey crews also observed mortality among 12 groups of
nontarget invertebrates and amphibians after TFM treatments.  Presence of the same
species among affected nontargets in both rounds of treatments on most streams suggests
population effects were not serious.  Following Bayluscide treatments, post-treatment
survey crews observed substantial mortality among banded killifish, mimic shiner, spottail
shiner, and fish which were not  identified to species (generally small fish in sections
where visual estimates were made) that were most likely cyprinids or killifish.  Cumulative
biomass was low, however, and judged to be insignificant at the population level.

Numerous special studies showed little or no adverse impacts on nontarget fish and
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macroinvertebrate populations and communities.  The greatest adverse effects attributed to
the eight-year program were documented in a study following the 1991 Bayluscide
treatments of the Ausable and Little Ausable deltas.  Community sampling documented
significant declines in density for four of eight Little Ausable and five of eight Ausable
macroinvertebrate groups following Bayluscide treatments.  However, when the next
sampling was conducted four years after the treatment, they had recovered to pre-treatment
or near pre-treatment levels.

Lake Trout - Based on gill netting data, survival of age 3-4 lake trout improved 25 percent
over pre-control levels.  Age 3-6 survival improved and an increase in survival of older,
fully recruited lake trout also occurred.  Sea lamprey wounding rate and accumulated scar
reductions were evident for all size classes of lake trout.

Pre- and post-treatment creel surveys revealed a 76 percent increase in estimated lake trout
catch with an increase of 7 percent in average weight of harvested lake trout.  The
proportion of lake trout larger than 25 inches (635 mm) in the estimated post-control
harvest increased 50 percent over pre-control levels.

Landlocked Atlantic Salmon - In the Main Lake basin, post-treatment (1993-98) wounding
rate declines ranged from 40 to 74 percent for three size groups of salmon returning to the
Willsboro Fishway (Boquet River) and wounding rates declined 42 percent from 1990 rates
for harvested salmon checked during the 1997 Main Lake creel survey.

Improved survival of adult salmon was evident from increased numbers returning to Main
Lake tributaries.  The median annual number of 1-lake-year and 2-lake-year salmon
captured at the Willsboro Fishway increased from 5 to 29 and 1 to 8.5, respectively, in the
post-treatment period.  Improvements were also found in Saranac River fall creel survey
results in 1996 versus 1991, with a doubling in estimated numbers of 1-lake-year fish
caught.  Greater gains were estimated in 2- and 3-lake-year fish caught from the Saranac,
and catches of 4-lake-year fish, absent in 1991, were recorded in 1996.

The post-treatment, Main Lake tributary catch per equivalent smolt stocked, estimated by
fall Saranac River creel surveys, increased 3.2 times.  The in-lake fishery responded
similarly with a 3.1-fold increase, exceeding the standard of at least a doubling in catch per
equivalent smolt. 

Steelhead Rainbow Trout/Brown Trout - Changes in wounding rates for steelhead and brown
trout could not be adequately evaluated due to lack of sufficient pre-control data.  These
species are stocked in relatively low numbers and offer a minor contribution to the
salmonid fishery. The limited data available suggest, however, that these fisheries are
improving.



34

Forage Fish - The experimental sea lamprey control program did not adversely impact the
rainbow smelt population in Lake Champlain.  Variability in smelt population parameters
from midwater trawl surveys and smelt angler catch rates did not appear to be related to
improvements in predator survival (i.e., increased prey consumption) arising from sea
lamprey control.

Benefit:cost - Anglers and participants in water-based recreation placed a very high value
on the Lake Champlain eight-year experimental sea lamprey control program and indicated
they would substantially increase their activities if the program is continued (Gilbert
1999a).  Estimated benefits and costs of the eight-year program indicated a favorable
benefit:cost ratio of 3.48:1.  Continuation of sea lamprey control on Lake Champlain
would be expected to generate up to an additional 1.2 million days of fishing and $42.2
million in fishing-related expenditures as well as an estimated $59.3 million in additional
annual water-based recreation expenditures each year (Gilbert 1999a).

Overall, the Lake Champlain experimental sea lamprey control program met or exceeded 
the majority (21 of 30) of pre-established evaluation standards.  Substantial salmonid
population and fishery improvements occurred primarily in the Main Lake basin.  Relatively
little fishery response was noted in the Inland Sea or Malletts Bay, however termination of
sea lamprey control on Lake Champlain would result in a resurgence of the sea lamprey
population to pre-treatment levels within approximately four years and rapidly lead to
diminished quality in the lake’s salmonid fishery.  Conversely, long-term integrated sea
lamprey control would be expected to further enhance lake-wide benefits which have
accrued to important fish populations, the recreational fishery and the economy.
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IV.  DEVELOPMENT OF A LONG-TERM SEA LAMPREY CONTROL PROGRAM

Experience gained from the 1990-1997 experimental sea lamprey control program and new
information from the Great Lakes sea lamprey program provide guidance for developing
specific control strategies for streams and delta areas.  Knowledge of sea lamprey
distributions and abundance, recolonization of treated areas, efficacy and longevity of
control processes, assessment techniques and applicability of control techniques have
contributed to the development and refinement of sea lamprey control methodologies. 

Information gathered during the experimental sea lamprey control program has indicated
the need to adjust the future program to target additional sea lamprey infestations:

C Sea lamprey populations in the Main Lake were reduced dramatically but
comparable reductions were not attained in the Inland Sea and Mallets Bay. 
Presence of Vermont-listed northern brook lamprey (endangered), resulted in
withdrawn treatment proposals in the only two sea lamprey producing tributaries of
Malletts Bay.  The Pike River and its tributary Morpion Stream (Canada) discharge
into Missisquoi Bay at the northern extreme of the Inland Sea.  This system remains
a major untreated sea lamprey producer, and should be included in future sea
lamprey control plans.   

C Larval sea lamprey were first found in 1993 in the LaPlatte River and recent surveys
(1996-97 and 2000) indicated expanding sea lamprey infestations in the Winooski
River.  Further investigations are planned to assess potential sea lamprey control
needs in these two rivers.

Sea lamprey may colonize new locations in response to environmental changes.  Effective
control must include the ability to target these new sea lamprey populations as determined
by assessments.  Flexibility will be an important component of an effective sea lamprey
control program because sea lamprey distribution and production are not static.  When new
sea lamprey populations requiring control are identified, additional environmental review
documentation and permit application procedures will be completed whenever necessary,
prior to their inclusion as targeted sea lamprey control locations.

A.  Acceptable Sea Lamprey Control Techniques

Attention to research and current and evolving applications of sea lamprey control
techniques has yielded a choice of methodologies for use as components in a long-term sea
lamprey control program for Lake Champlain.  The techniques discussed below provide a
range of effectiveness and applicability depending on physical, environmental and social
conditions at proposed sea lamprey control locations.  Control techniques will be
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scrutinized for applicability through a screening process that will yield the treatment
strategy proposed for use on a location-by-location basis.

1.  TFM   

TFM is used to control sea lamprey larvae in stream habitats (see Appendices B and C). 
Generally, TFM applications are scheduled to occur in each stream once every four years
to minimize levels of parasitic phase sea lamprey entering the lake.  A four-year treatment
cycle was chosen during experimental control to take advantage of the rate of sea lamprey
development to preclude transformation from non-parasitic to parasitic stage (Gersmehl
and Baren 1985; NYSDEC et al. 1990).  The four-year cycle of treatment used in the
experimental sea lamprey control program has proven effective and where appropriate
would be continued during long-term control.  Results of ongoing growth data analysis may
suggest that in some streams where growth is slow, a treatment interval in excess of four
years may be appropriate.  Longer treatment intervals may be recommended if a particular
stream shows slow recolonization or slow recruitment of sea lamprey into the parasitic-
phase.  Shorter TFM treatment intervals may be proposed if downstream lamprey migration
data indicates more frequent treatments can eliminate the need to chemically treat
associated delta regions at stream mouths or if significant numbers of parasitic phase sea
lamprey are seen to be produced within the four-year treatment interval. 

TFM treatments will follow the Standard Operating Procedures (SOP) developed for the
Great Lakes sea lamprey control program (Klar and Schleen 1999).  TFM applications
typically consist of liquid formulation TFM metered into a stream at a rate necessary to
achieve up to 1.5 times the Minimum Lethal Concentration (MLC) for a period of 12
hours.  MLC is defined as the minimum concentration of TFM predicted necessary to kill
99.9% of sea lamprey in a 9-hour period.  The chemical TFM attenuates with time,
distance, substrate, and vegetative densities, and TFM toxicity changes with water
chemistry.  Predictive TFM toxicity/water chemistry charts based on varying pH and
alkalinity water chemistry parameters (toxicity varies with pH and alkalinity; Appendix D)
and/or bioassay results mimicking stream treatment conditions, are used to determine
stream-specific MLCs.  Treatment times are usually 12 hours in duration and TFM is
applied at concentrations at or near 1.5 times MLC to compensate for expected chemical
attenuation and achieve the necessary 9 hours of MLC exposure over the available sea
lamprey habitats.  If TFM concentrations are expected to attenuate to levels below MLC
before all sea lamprey habitats are exposed then boost applications must be conducted to
maintain the target concentration.  At primary application points and at boost application
points on larger streams the chemical is usually diluted with stream water and applied to the
stream using a spreader system of perforated hose suspended across the channel, and is
designed to minimize elevated concentrations of chemical at the point of application.  On
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very small streams small amounts of TFM may be metered directly to the receiving water. 
Quick mixing of TFM and receiving water is always desired at application points.  Stream
TFM concentrations are monitored at regular intervals during treatments and the application
rate is adjusted to maintain target concentrations.  Similarly, any feeder streams or ground
water inputs must be recognized and considered for additional applications to maintain the
integrity of TFM toxicity during treatments.  Backwater areas of larval habitat isolated from
the mainstream chemical block of lampricide must often be treated by a team following the
chemical block downstream and hand spraying these backwater areas.  Nontarget mortality
assessment following TFM treatments will follow the SOP protocol established by Klar
and Schleen (1999). 

Bar (solid) TFM may be used to prevent feeder stream dilutions to mainstem streams and to
prevent feeder streams from being utilized as refugia for sea lamprey attempting to escape
toxic TFM concentrations in mainstem streams during TFM treatments.  TFM bars are a
water soluble, solid formulation designed to dissolve at a precise rate in flowing water
(Gilderhus 1985). 

Maximum Allowable Concentrations (MAC) are predicted using charts and/or toxicity test
results using a moderately sensitive nontarget species to determine a level at which
excessive nontarget mortality may occur.  Concentrations producing 25 percent mortality
among brown trout and burrowing mayfly (Hexagenia sp.) larvae are noted on the charts and
are often used as MACs.  MACs represent a chemical threshold below which treatment
concentrations must remain. 

Riparian water use advisories are issued for TFM treated streams and affected lake areas
until chemical concentrations subside to trace levels.

2.  TFM and Niclosamide in Combination  

In some cases it may be possible to significantly reduce the amount of lampricide used 
through the simultaneous application of TFM and niclosamide (see Appendices B and C) in
infested stream systems.  Great Lakes sea lamprey treatment teams have found that
simultaneous treatment using both chemicals can reduce the total lampricide usage for
specific treatments by up to 50 percent with the same target effect (Klar and Schleen
1999).  The treatment process and considerations are very similar to those described in the
preceding section regarding application of TFM alone.  Separate application delivery
systems would be used for each chemical to achieve an appropriate, target concentration of
the lampricide mix. Bayluscide is added at a rate so that niclosamide constitutes between
0.5 to 2.0 percent of the overall concentration of active ingredient. 

TFM/niclosamide treatments might be employed where high stream discharges require
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large amounts of TFM to reach target concentrations.  In these situations, reductions in the
overall amount of lampricide formulation used can be substantial.  Such combination
treatments would necessitate use of more personnel than for a TFM treatment, to
accommodate simultaneous chemical applications and more sophisticated analysis
procedures for monitoring and control of both active ingredient concentrations in the
stream.  The Bayluscide 70% Wettable Powder formulation is currently used for
combination treatments, and is metered into the stream mixed with water to form a slurry
(Klar and Schleen 1999).  In the future, the Bayluscide 20% Emulsifiable Concentrate
formulation may be used for these treatments if registered for use by the EPA.  

This combination technique would not be suitable for locations where suspended clay and
or clay substrate predominates because of the affinity of niclosamide to adsorb to clay
particulates.  In stream systems where clay substrates predominate, the niclosamide
component of the chemical mixture may attenuate too quickly for effective use. 
Applications of Bayluscide slurry are not recommended in streams with low flows due to
the difficulty with application of extremely small amounts of wettable powder slurry
necessary for precise application rates.  As with TFM treatments, riparian water use
advisories are issued for treated streams and affected lake areas until chemical
concentrations subside to trace levels.

3.  Bayluscide Granules

Bayluscide granules have been the chemical agent used for delta sea lamprey treatments and
for test plot sea lamprey assessment on delta regions and some deepwater areas of Lake
Champlain tributaries.  New sea lamprey assessment tools (deepwater electrofishers) may
prove effective in defining the densities, locations and extent of sea lamprey larval
populations.  Sea lamprey infestations may now be targeted to potentially limit Bayluscide
application to defined areas of infestation without exposing the entire delta to chemical. 
Formerly, application rates were 100 pounds of 5 percent active ingredient, Bayluscide
granules per acre of habitat (5 pounds active ingredient per acre).  The Bayluscide
formulation has since changed to a 3.2 percent active ingredient granule, resistant to
dusting and wind drift, thus, application rates approximating 156 pounds per acre of habitat
will be necessary.  Sea lamprey assessments using deepwater electrofishing methodologies
may reduce or eliminate the need for assessment using Bayluscide on delta survey plots. 
Bayluscide may be applied to delta areas and other deep water habitats using aircraft
pending Special Local Needs registration and EPA approval, or by boat when practical.  

Experience with experimental sea lamprey control demonstrated that estuarine portions of
some rivers are not logistically or cost-effectively treated with TFM.  Bayluscide 3.2
percent granules may provide an effective means of treating these areas.  Crews in boats or
on foot may effectively apply Bayluscide directly to known sea lamprey larval
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concentrations in these estuarine reaches of river otherwise difficult to effectively treat
with TFM.  This methodology may prove more cost effective and reduce use of TFM in a
given stream system.  If Bayluscide treatments are to occur at corresponding river deltas,
estuarine Bayluscide application would be scheduled at the same time.  In a situation where
this type of treatment would eliminate the need for a separate TFM treatment, an added
benefit may result because only a single water use advisory would be required over each
approximately four-year period compared to separate advisories associated with TFM
stream applications and Bayluscide delta treatments within the same interval.

4.  Barriers   

In a few situations with favorable conditions barriers offer a proven and effective
alternative to lampricide treatment (Lavis et al. in review).  Studies have addressed the
applicability of sea lamprey barriers on several Lake Champlain tributaries.  A report
entitled Preliminary Feasibility Study for Sea Lamprey Barrier Dams on Lake Champlain
Tributary Streams (Anderson, B. E. et al. 1985) projected the potential and engineering
feasibility for use of sea lamprey barriers on 15 Lake Champlain tributaries.  More
definitive feasibility studies have since been pursued.  New York streams being investigated
for the potential construction of sea lamprey barriers are the Salmon River, Little Ausable
River, Putnam Creek and Beaver Brook.  In Vermont, feasibility studies on Stone Bridge
Brook and Lewis Creek indicated that at the time of the studies, the barriers were
environmentally unacceptable or cost prohibitive (Staats 1993, 1994).  In view of
developing technologies in sea lamprey barrier design and the possibility for future changes
regarding site access and landowner cooperation at potential barrier sites, feasibility of
barrier dam construction at individual sites will periodically be revisited.  Additional
investigations have been conducted for sea lamprey barriers on the Poultney and
Hubbardton Rivers and on the Pike River and Morpion Stream, Quebec (Walrath and
Swiney in review).

Sea lamprey barriers vary by construction and methodology but all are intended to prevent
sea lamprey from reaching spawning grounds.  Vertical-drop barriers are the most widely
used. Water velocity barriers and electronic barriers are under development.  In some
streams, provisions must be made to accommodate migratory fish passage while preventing
upstream passage of sea lamprey adults.

The GLFC recently developed protocols for engineering, cost estimation, operation and
environmental effects mitigation to enhance their barrier program (Sea Lamprey Barrier
Transition Team 2000).  These protocols will provide guidance for development of barriers
in the Lake Champlain basin.
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5.  Trapping  

Spawning-phase sea lamprey can be trapped during upstream spawning migrations in
tributaries.  Traps are strategically placed where migrating adults concentrate in the stream
channel, usually along the face of a weir, dam or waterfall.  Portable traps are either fyke
nets or rigid box traps with a fyke entrance and are used with or without wing extensions
designed to block the channel and/or steer the sea lamprey to the trap.  Sea lamprey enter
the trap where they are unable to find an exit and are periodically removed.  Sea lamprey
traps are particularly useful in conjunction with sea lamprey barrier structures and in
constricted stream channels where adults concentrate.  Trapping at barriers limits the
redistribution of spawning-phase sea lamprey to alternative streams where they might
otherwise successfully spawn.  Trapping is labor-intensive, and traps must be maintained for
the duration of the spawning run.  Traps rarely provide trapping efficiencies effective
enough to be utilized as a single control method.  Upstream escapement of relatively few
adults could repopulate available nursery habitat resulting in little or no reduction of the sea
lamprey produced in the stream.  Trapping would be used as a supplemental control method
except where the physical stream conditions make trapping an effective primary technique
or where other control techniques are not feasible.  The smallest sea lamprey spawning
streams with small numbers of spawning sea lamprey and high trap efficiency provide the
most potential for control by adult trapping alone.

B.  Sea Lamprey Control Techniques Under Development

There are emerging techniques currently being developed by managers and researchers in
the Great Lakes where the extensive resources of the Great Lakes Fishery Commission are
available.  Emerging techniques, in different stages of development, range from untested
ideas to methods that have received extensive experimental field testing.  These potential
methodologies are not currently available for use by the Lake Champlain sea lamprey
control community but are mentioned here to recognize their potential for future use and to
focus some attention on methods that may become available in a long-term sea lamprey
control program for Lake Champlain.

1.  Sterilized Male Sea Lamprey Releases  

This method of sea lamprey control targets the spawning population of sea lamprey in
specific tributaries.  If female sea lamprey pair and spawn with sterile males, non-viable
eggs are released to the substrate.  For this technique to be effective, male sea lamprey
must be captured, sterilized and introduced to the targeted spawning population.  The
expectation is that the reproductive potential of a spawning lamprey population will be
reduced in proportion to the ratio of sterile to nonsterile male sea lamprey present.  This
method can only be effective if the spawning population has already been reduced by other
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means and sufficient numbers of sterile males can be introduced to overwhelm the
nonsterile male population competing for spawning female sea lamprey.  Logistics
necessary to implement this control strategy are formidable.  Unless a sterilization facility
can be developed and staffed at a nearby location, sea lamprey males would have to be
captured in Lake Champlain tributaries, transported to the sterilization facility in Michigan,
then returned and released into the target sea lamprey population prior to the onset of
spawning activities.  Sterilization is accomplished by injection of male sea lamprey with the
chemical Bisazir under a strict hygiene protocol and using sophisticated chemical recapture
techniques (Twohey et al. 1997, 2000).  Bisazir is a highly toxic and mutagenic compound
and requires careful handling.  Relatively small numbers of males are available from Lake
Champlain sea lamprey adult trapping efforts, therefore, application of this method would
be appropriate only where the adult sea lamprey population is known to be very small or
where chemical treatment is prohibited.  It is important to note that this method of potential
sea lamprey control is still under evaluation in the Great Lakes.  Any initial use of sterile
male technology as a sea lamprey control method for Lake Champlain would be proposed
only as an experimental effort.

An alternate or complimentary sea lamprey sterilization technique to Bisazir proposes
using a protein-based gonadotropin analog as a sterilant (Sower et al. in review).  This
methodology is currently being researched and if sufficiently developed may offer a
nontoxic method of sterilization employable locally or even streamside.

2.  Attractants  

Attracting sea lamprey to inappropriate habitats where survival and propagation are unlikely
and/or to traps for removal from streams could provide a useful control mechanism. 
Conversely, repellents might exclude sea lamprey from favorable habitats.  However, the
current limited knowledge regarding attractants prevents their use for management
applications.  The most promising current research includes the investigation of the
attractant effect of larval sea lamprey pheromones, including two identified bile salts on
adults migrating to stream spawning areas.  It has been shown (Li et al. 1995; Vrieze 1999)
that larval sea lamprey produce bile salts which are excreted as metabolic byproducts and
act as an attractant to adult sea lamprey searching for suitable spawning habitats.  If sea
lamprey pheromones or bile salts can be reproduced or mimicked in sufficient quantities,
they might be used to attract adults to traps or to inappropriate areas where spawning is
unsuccessful.  Alternatively, native lamprey or sea lamprey larvae might be used through
strategic stocking or placement of caged animals to provide natural pheromone/bile salt
odors to act as spawning sea lamprey attractants.  

Sea lamprey sex pheromones are also being investigated for potential applications for sea
lamprey control (Li et al. 2000).  If male sex pheromones can be manipulated to provide a
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super competitive male and those males are sterilized, then reproductive success might be
reduced due to increased spawning interference.  Alternatively, production of sex
pheromones
might also be utilized to disrupt spawning behavior or used as an attractant to entice female
lamprey to traps or to unsuitable habitats.

The use of pheromones for sea lamprey control is not currently considered to be a viable
option and will not be discussed as a control method for individual streams.  Should
developments produce effective attractant techniques, then their applicability to sea
lamprey control at individual streams would be re-evaluated and incorporated where
feasible.
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V.  ALTERNATIVES

A.  Alternative 1.  Initiate an Extensive, Integrated, Long-term Control 
      Program for Sea Lamprey in Lake Champlain.  (Proposed Action)

Alternative 1 embodies implementation of extensive, integrated, long-term sea lamprey
control.  It features a tributary-specific approach in which viable sea lamprey control
techniques are screened for use in each infested stream system and considers using
integrated methods to achieve desired control objectives.  Sea lamprey control under the
proposed action would include several previously untreated streams in New York, Vermont
and Quebec, Canada, in addition to those formerly included in the experimental sea lamprey
control program (Figure V-1).  Many infested stream systems will require treatment with
lampricides, but reliance on lampricides will be reduced in other streams through the use of
barriers and/or traps.  The proposed action promotes the expansion of the sea lamprey
control program beyond the limited scope of the experimental program and includes non-
chemical control options. 

Information specific to screened tributaries is listed in Table V-1.  Sea lamprey
transformation, technical considerations, nontarget concerns, human impacts, habitat
impacts, and costs will be considered for all potential control techniques at each site. 
Varied physical and environmental conditions at different locations will influence how to
effectively apply the available control methodologies to achieve desired levels of sea
lamprey population control.  Discussion among Lake Champlain sea lamprey control
professionals and Cooperative members, in consultation with other sea lamprey control
professionals (Great Lakes, New York Finger Lakes), and scrutiny of available information
will produce sea lamprey control strategies for individual locations.  Screening processes
will consider new techniques and applications as they become available.  In the long-term
program, managers will periodically reevaluate streams as sea lamprey populations and
environmental conditions change.  The process is illustrated in Figure V-2.
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Figure V-1.  Sea lamprey producing streams and their tributaries considered for inclusion in a proposed
Lake Champlain sea lamprey control program.

Number Stream/ Tributary
1 Great Chazy R. a         
1a Bullis Bk.                
2 Saranac R.  b               
3 Salmon R. b 
4 L. Ausable R. b         
5 Ausable R. b      
5a Dry Mill Bk. a 
6 Boquet R. b 

7 Beaver Bk. a

8 Mullen Bk. 
9 Putnam Ck. a            
10 Mt. Hope Bk. a

10a Greenland Bk. a

Number Stream/Tributary 
11 Poultney R. a

11a Hubbardton R. a

12 Lewis Ck. a

13 LaPlatte R. 
14 Winooski R.
14a Sunderland Bk.
15 Malletts Ck.
15a Indian Bk.
16 Trout Bk. a

17 Stone Bridge Bk. a

18 Missisquoi R.
19 Youngman Bk. 
20 Pike R.
20a Morpion Str. 

a Stream included in the
  experimental sea lamprey
  control program.
b Stream and delta included in
  the experimental sea lamprey
  control program.
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Table V-1. Sea Lamprey-infested stream systems listed by lake basin and state or province with
associated county, town (city), mean September discharge, mean May discharge, and sea lamprey
accessible distance information. 

Lake
Basin

Stream
- Tributary

County Town (City) Sept.
Mean Flow

(cfs)a

May
Mean
Flow
(cfs)a

Acces
s

(miles
)

Main
Lake
NY

Great Chazy R

 

- Bullis Bk.

Clinton Mooers/
Champlain

87 375 20.6

Clinton Mooers (< 10) unknown

Saranac R. Clinton (Plattsburgh) 491 1366 3.3

Salmon R. Clinton Plattsburgh 22 69 4.0

L. Ausable R. Clinton Peru 21 64 6.1

Ausable R.

- Dry Mill Bk .

Clinton -
Essex

Peru/Ausable/
Chesterfield

339 1377 7.0

Clinton Peru (< 10) 0.5

Boquet R. Essex Willsboro 108 541 2.6

Beaver Bk. Essex Westport (< 10) 2.5

Mullen Bk. Essex Westport/
Moriah

(< 10)

South
Lake
NY 

Putnam Crk. Essex Crown Point 14 100 5.2b

Mt. Hope Bk.

- Greenland Bk.

Washington Fort Ann/
Dresden

(5 - 10) 1.3

Washington Fort Ann (< 10) 0.6

South
Lake

NY-VT

Poultney R.

- Hubbardton R.

NY -
Washington,
VT - Rutland

Hampton/
Whitehall,
West Haven

92 319 10.5

VT - Rutland West Haven (10 - 25) 2.0
a  Flow values are obtained from USGS mean monthly gauge records unless otherwise indicated.  Parenthetic flow values were derived
from the       best available information.  Less than 10 cfs (<10) indicates the stream is very small and is unlikely to reach 10 cfs
during the period            indicated.
b  Treatment milage includes 0.3 miles of tributary Brevoort Brook and 0.1 miles of tributary Ranney Brook.
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Table V-1 (continued). 

Lake
Basin

Stream
- Tributary

County Town (City) Sept.
Mean Flow

(cfs)a

May
Mean
Flow
(cfs)a

Acces
s

(miles
)

Main
Lake
VT

Lewis Crk. Addison Ferrisburgh 42 114  9.5

LaPlatte R. Chittenden Shelburne 14 51  3.3

Winooski R.

- Sunderland

Bk.

Chittenden
Winooski/
Burlington/
Colchester

720 2789 11.0

Chittenden Colchester (< 10) 3.2

Malletts
Bay VT

Malletts Crk.
 
- Indian Bk.

Chittenden Colchester (5 - 10)  1.7

Chittenden Colchester (5 - 10)  2.7

Inland
Sea
VT

Trout Bk. Chittenden Milton (< 10)  1.3

Stone Bridge Bk. Chittenden Milton 4 10  2.7

Missisquoi R. Franklin Highgate/
Swanton

640 1765  8.0

Youngman Bk. Franklin Highgate (5 - 10) 1.1

Inland
Sea

Quebec

Pike R.

 
- Morpion Str.

Brome-
Missisquoi

Notre-Dame
de
Stanebridge

73c 216c  8.2

Brome-
Missisquoi

Notre-Dame
de
Stanebridge

(5 - 15) 17.1

a  Flow values are obtained from USGS mean monthly gauge records unless otherwise indicated.  Parenthetic flow values were derived
from the        best available information.  Less than 10 cfs (<10) indicates the stream is very small and is unlikely to reach 10 cfs
during the period             indicated.
b  Source:  Environment Canada, Water Survey Canada.
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Figure V-2.  Screening process flow chart for proposed sea lamprey control at a given location.

Lake Champlain
Tributary

Available Stream Specific Data:
• Estimated Sea Lamprey

Transformation
• Technical Considerations
• Nontarget Concerns
• Human Impacts
• Habitat Impacts

Control Techniques:
• TFM
• TFM /Niclosamide
• Bayluscide Granules
• Barriers
• Trapping

Screening / Decision Making

Tributary Sea Lamprey Control Strategy:
1.
2.
3.
4.
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Definitions of the variables considered and questions raised in the screening process are as
follows:  

C Estimated sea lamprey transformation -  the number of sea lamprey expected to
transform from the non-parasitic larval stage to the parasitic adult stage estimated
from quantitative assessment sampling (QAS) data (Klar and Schleen 1999) if
available, or from transformer mortality counts after initial TFM treatments
(Fisheries Technical Committee 1999).  Does the level of transformer production
warrant implementation of sea lamprey control?

C Technical considerations - an evaluation of the ability to use a technique or
techniques.  Can chosen methods produce the desired outcome?  Are they
technically feasible? 

 
• Nontarget concerns - the unintended biological consequences of the use of sea

lamprey 
control techniques.  Are the expected nontarget effects acceptable?  

C Human impacts - the effect, if any, the chosen control methods have on human
activities.  Are social and cultural effects acceptable? 

 
• Habitat impacts - the effects the chosen control methods have on the in-stream and

riparian habitat.  What are the positive and negative consequences of sea lamprey
control to affected habitats? 

 
• Cost - an estimate of the monetary cost of control by technique for each location. 

Cost information is not currently presented as a decision-making factor, but is
instead, a high-end estimate of the setting-specific cost should that method be
employed.  Technical, environmental or regulatory factors are likely to dictate sea
lamprey methodology applications under some circumstances, thus, cost may not be
a determining factor in the choice of control technique.  The estimate presented is
not an attempt to provide a benefit:cost analysis.  Costs will be evaluated further,
subsequent to the final selection of strategies found applicable to each location.

Consideration of all these factors and applicability of available sea lamprey control
methodologies will lead to a prioritized list of proposed control strategies for each
location.  Some locations considered may result in a single sea lamprey control option
whereas other locations may be suited to several prioritized choices.  Actual screening
discussions for individual sites based on currently available information can be found in
Section VIII of this document.  Specific sea lamprey control strategies proposed for use at
specific sites are detailed there.
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Eventually, Lake Champlain fishery managers plan to implement an adaptation of the
Empirical Stream Treatment Ranking (ESTR) model currently used in the Great Lakes sea
lamprey control program (Christie et al. in review).  Application of such a model would
incorporate QAS data, cost and treatment effectiveness information to rank streams for
lampricide treatment during a given period by the projected cost per sea lamprey juvenile
killed.  Resources available would determine the selection threshold between streams
chosen for treatment and those to remain untreated.

B.  Alternative 2.  Maintain Reduced Sea Lamprey Wounding Rates Attained          
      During the Experimental Period by Applying Chemical Lampricides.

Alternative 2 mirrors the completed eight-year experimental program.  This alternative and
its methodologies would rely on the use of lampricides for maintaining reduced sea
lamprey numbers, and restrict the program to primarily those rivers and deltas that were
treated in the experimental program (See Figure V-1) (NYSDEC et al. 1990; Fisheries
Technical Committee 1999).  This alternative ignores additional techniques and locations
included in Alternative 1 that may offer improved sea lamprey control.  TFM and
Bayluscide treatments would be conducted on lamprey-infested streams and deltas.  Sea
lamprey colonization surveys may locate new infestations in deltas and streams that have
never been treated, but will require treatment to maintain reduced sea lamprey abundance
levels achieved during the experimental program.  Site- specific permits would be required
if and when such streams were added to the program.  Chemical treatment of each stream or
delta would be scheduled according to sea lamprey larval transformation rates, or in most
cases, every fourth year.

C.  Alternative 3.  Abandon Sea Lamprey Control as a Fisheries 
                  Management Tool for Lake Champlain.  (No Action Alternative)

Under this alternative there would be no federal involvement in sea lamprey control.  This
alternative may be chosen if the benefits achieved by implementing sea lamprey control
require unacceptable increases in program costs, or if impacts associated with a sea
lamprey control program are determined to be undesirable.

D.  Alternatives Considered but Dismissed

The evaluation of alternatives for the proposed project was conducted based on the best
available knowledge and professional judgment of the Cooperative.  The possibilities were
discussed at length regarding each alternative’s potential for meeting the project goal and
objectives for reducing sea lamprey abundance.  All alternatives meeting the project
objectives which were practical from a technical, social and economic standpoint have been
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considered.  The range of alternatives was eventually narrowed to three possibilities
including the proposed action and no action alternatives.  The following is a summary of the
alternatives eliminated from further analysis.

1.  No Sea Lamprey Control; No Salmonid Stocking

This alternative would abandon all efforts to control sea lamprey, terminate all salmonid
stocking and eliminate efforts to monitor sea lamprey and salmonids.  All federal and state
involvement and activities associated with the salmonid restoration and development
program would terminate.  

This alternative would not be practical unless:  a) projected benefits from salmonid
restoration with sea lamprey control were inadequate relative to program costs and
environmental impacts; b) significant benefits from maintaining a salmonid management
program could only be achieved through strategies such as sea lamprey control; requiring
unacceptable increases in program costs; and c) sea lamprey control is necessary only
because salmonid stocking is the cause of increased sea lamprey numbers by providing sea
lamprey with an abundance of preferred prey.  

This alternative was dismissed because experimental sea lamprey control has indicated that
program benefits outweigh program costs (Gilbert 1999a).  Also, environmental and
nontarget impacts due to the experimental sea lamprey control program were minimal in
relation to program benefits.  With intensive stocking and little or no additional overall
propagation costs compared to present day levels, a moderate quality lake trout fishery and
an inconsistent landlocked Atlantic salmon fishery were established before sea lamprey
control was initiated in 1990.  Terminating salmonid stocking would likely result in total
collapse of the salmonid fishery since natural salmonid reproduction is presently limited. 
The angling public has grown to expect a salmonid fishery in Lake Champlain.  Therefore,
this alternative would be socially unacceptable.  

Sea lamprey abundance is not necessarily linked to salmonid abundance (NYSDEC et al.
1990).  Increased habitat availability for sea lamprey spawning and larval sea lamprey
nursery areas due to improved water quality in Lake Champlain tributaries is probably the
factor most important to increased sea lamprey populations.  In the absence of sea lamprey
control, the Lake Champlain sea lamprey population would probably remain at high levels
and predation would shift to other fish species known to be targeted by parasitic sea
lamprey (lake whitefish, lake herring, burbot, white and redhorse suckers, walleye and
northern pike, etc).



51

2.  Barriers Only

This alternative would develop and maintain barrier dams on as many Lake Champlain sea
lamprey producing tributaries as is feasible.  Stocking targets for lake trout, landlocked
Atlantic salmon, steelhead and brown trout would remain at the present level of 512,000
yearling/smolt equivalents per year (400,000 Main Lake; 112,000 Malletts Bay/Inland
Sea).  Assessment work would continue at a reduced scale.  Background for the
development and dismissal of this alternative is given in the FEIS.  A major expenditure for
the construction of sea lamprey barriers alone would not achieve a substantial reduction in
sea lamprey abundance.  Barriers also may have negative effects on fish communities
within stream environments (Noakes et al. 2000) and as a result, are only proposed for
Lake Champlain tributaries where such effects are acceptable, or can be mitigated. 
Therefore, construction of barriers on every feasible sea lamprey producing tributary as an
exclusive means of controlling sea lamprey has been dismissed.

Studies of Stone Bridge Brook and Lewis Creek, Vermont (Staats 1993, 1994) concluded
that barrier dam development on these two tributaries, listed as potential barrier dam
candidates in an earlier study (Anderson, B.E. et al. 1985), was not considered feasible. 
The proposed Lewis Creek barrier would not eliminate the need to control sea lamprey
below the barrier, and an annual cost ratio of 2.4 to 1 was projected for TFM and barrier
development versus TFM treatment alone.  It was further determined that barrier dam
development at Lewis Creek would interfere with important fish migrations.  A Stone
Bridge Brook barrier would likewise not eliminate the need to control sea lamprey below
that barrier.  Although this barrier was initially deemed not feasible, its applicability is
being reevaluated (see Section VIII, Stone Bridge Brook).  As with the Stone Bridge Brook
barrier study, the conclusions reached as a result of these and other investigations will
periodically be reevaluated to incorporate any changing conditions over time.  Additional
ongoing or planned feasibility studies will determine the applicability of sea lamprey
barrier technology on several New York streams. 

3.  Sub-basin Approach - Partial sea lamprey control through treatment of      
individual portions of Lake Champlain  

This alternative explores the feasibility of treating individual sub-basins of Lake Champlain
(i.e., Inland Sea, Main Lake, Malletts Bay, South Lake), while leaving others untreated. 
Stocking targets would be maintained at 512,000 salmonid yearling/smolt equivalents per
year, and assessment activities would continue at a reduced scale.  This scenario could be
effective only if sea lamprey infestations were localized within sub-basin limits and would
not colonize controlled areas through migration.  However, studies suggest that sea
lamprey have no spawning site fidelity and do not home to natal streams (Applegate and
Smith 1951: Bergstedt and Seelye 1995).  Within Lake Champlain, dye marked sea lamprey
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transformers from the Pike River have been recovered as spawning-phase adults in Lewis
Creek and the Great Chazy River, indicating that sea lamprey migrate and colonize beyond
home spawning streams (John Gersmehl, USFWS-retired, personal communication). 
Therefore, sea lamprey are not sub-basin specific in Lake Champlain, and populations
would redistribute from uncontrolled regions to controlled regions rendering this strategy
ineffective.

E.  Unacceptable Techniques

The following techniques represent methodologies suggested as possible sea lamprey
control techniques, but which were found currently unacceptable as useful components of
proposed long-term sea lamprey control for Lake Champlain.  For more detailed
discussions on these unacceptable techniques, see FEIS pages 58-67.

1.  Fishing

Controlling sea lamprey by commercial, agency inspired or bounty fishing would require a
very high degree of effectiveness in capturing upstream migrating adults, and is viewed as
unattainable.  Sea lamprey have very high fecundity (Vladykov 1951); therefore, just a few
spawners escaping such an effort could repopulate the available larval habitat.

2.  Parasites and Pathogens

There are no known sea lamprey specific parasites or pathogens that are effective in
controlling the sea lamprey under natural conditions.

3.  Stream Habitat Alteration

This measure would alter the stream bed by excavating gravel in spawning areas and/or fine
materials in nursery areas.  This represents an attempt to alter the character of the habitat
and render it unsuitable for sea lamprey spawning or juvenile survival.  Such actions are
generally ecologically destructive and economically unsound.  The only instance where
such measures might be considered would be in conjunction with barrier dam construction,
where small areas of spawning gravels might be removed immediately below barriers.

4.  Increase Stocking of Salmonids

The theory behind this approach is that salmonid mortality due to sea lamprey parasitism
would be reduced if salmonid stocking, and therefore, abundance of salmonids (lamprey
host) in Lake Champlain were substantially increased.  A foraging hypothesis developed by
Kitchell and Breck (1980) theorizes that when few hosts are available, the sea lamprey
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stays with one host until it dies.  This hypothesis matches observations of Lawrie and
MacCallum (1980), Christie and Kolenosky (1980), and Walters et al. (1980) that the rate
of sea lamprey-induced mortality increased as relative lake trout density declined.

It is not possible to determine the level of salmonid stocking which might lead to maximum
reduction in sea lamprey-induced mortality among salmonids in Lake Champlain.  The
question is extremely complex, involving not only host abundance relative to lampreys, but
also host and lamprey sizes.  Large fish are less susceptible to death from sea lamprey
attacks than smaller fish, while small lampreys are less likely to cause death than large
lampreys.

This unproven control measure would require progressive increases in stockings beyond
the 512,000 salmonid yearling/smolt equivalents currently stocked annually until levels of
parasitism by sea lamprey were acceptable.  Major increases in salmonid propagation,
stocking and salmonid/sea lamprey assessments necessary to test this approach would not
be expected to offer added benefits commensurate with increased costs.  The approach
would likely only provide more salmonid prey for sea lampreys, older salmonids
(cannibalism) and other predatory fish.  Furthermore, greater numbers of salmonids would
increase the risk for instability of the forage fish population (smelt), cause a decline in
growth rates and condition (plumpness) of salmonids and lead to a generally unsatisfactory
fishery.  The potential for these consequences make this theoretical measure impractical at
this time.

5.  Reduce Salmonid Stocking

Sea lamprey control by this technique assumes that sea lamprey abundance is regulated by
the abundance of preferred prey (salmonids), and if prey are reduced, compensatory
reduction in parasites would follow.  However, reduced salmonid stocking in an effort to
control sea lamprey numbers would likely result in increased predation on available
salmonids remaining, the redirection of sea lamprey predatory pressures to secondary prey
species, and loss of ecological and economic benefits of healthy salmonid populations.

The FEIS presents evidence that reduced stocking would not result in decreased sea
lamprey abundance.  Sea lamprey nest counts, which provide an index of abundance of sea
lamprey adults, have been made annually at standard stations on nine index streams since
1983.  Data prior to the experimental program (1983-1989) demonstrated that nest counts
fluctuate widely, with no well-defined, strong trend toward more nests during this seven-
year period (NYSDEC et al. 1990).  During this period, prey availability (numbers of
salmonids stocked) remained relatively constant.  It is likely that the fluctuations observed
were due to other environmental factors.  This is similar to normal population fluctuations
which characterize fish and wildlife populations in general; a reduction in stocking
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salmonids would not suppress these fluctuations.

The apparent lack of this type of a relationship also characterized the Cayuga Lake, New
York sea lamprey and salmonid populations.  Evidence from Cayuga Lake demonstrates that
sea lamprey were two to three times more abundant in 1949 and 1950 than in the late
1970s and early 1980s.  The elevated sea lamprey population of 1949 and 1950 occurred at
time when the salmonid population consisted mainly of lake trout and was still building
from very low levels in the early 1940s.  In the late 1970s and early 1980s, when salmonids
were more abundant, lamprey abundance was substantially less.  We conclude from the
results of the Lake Champlain and Cayuga Lake situation that sea lamprey abundance has
not been linked to salmonid abundance in these two lakes (NYSDEC et al. 1990).

Further evidence from Seneca and Cayuga Lakes support this conclusion.  Substantial
reductions in lake trout stocking occurred in Cayuga Lake in 1965 and in Seneca Lake in
1972 when annual stocking levels were reduced from approximately 70,000 yearling
equivalents to 28,000 yearling equivalents stocked (NYSDEC et al. 1990).  The result was
an increase in the incidence of lamprey attacks on salmonids, and probably in the lethality
of the attacks, though this is not well documented.  There was no decrease in lamprey
populations (NYSDEC et al. 1990).

6.  Electrofishing

Electrofishing is commonly used as a sea lamprey assessment technique, but consideration
for use as a control method has not gained favor.  Electrofishing might be effective as a
control measure only if used repetitively over areas of larval sea lamprey habitat to deplete
the larval sea lamprey population.  Attempts using this technique on Trout Brook, Vermont
to remove and protect state-threatened American brook lamprey prior to treatment,
resulted in nontarget fish mortalities much greater than TFM-induced nontarget mortality,
due to the repetitive exposures to electric current (VTDEC 1996).  Repetitive
electrofishing as a sea lamprey control measure, would require a large commitment of
personnel and funds applied to very limited areas and would substantially increase the risk
of mortality to nontarget organisms.

F.  Comparison of Alternatives

This section compares sea lamprey population projections, fishing expectations, economic
impacts, user conflicts, social impacts and costs of each alternative.

1.  Parasitic Sea Lamprey Abundance Projections

Alternative 1.  Initiate an Extensive, Integrated, Long-term Control Program for Sea
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Lamprey in Lake Champlain.  (Proposed Action):  Alternative 1 would cause greater
reductions in parasitic sea lamprey abundance than were achieved during the eight-year sea
lamprey control program.  This alternative would expand control efforts to additional
streams that were excluded during the experimental program.  A variety of control methods
would be examined for each stream to increase effectiveness of the control program and
minimize, to the extent practical the use of chemical lampricides.  However, use of
lampricides would still be the most effective method of controlling sea lamprey on most
streams.

Alternative 2.  Maintain Reduced Sea Lamprey Wounding Rates Attained During the
Experimental Period by Applying Chemical Lampricides:  Alternative 2 would reduce the
abundance of sea lamprey to levels similar to those attained during the eight-year
experimental period.  During the eight-year control program, 16 of 24 stream treatments
resulted in a reduction in larval sea lamprey abundance at index stations to 10 percent or
less of pre-control levels (Fisheries Technical Committee 1999).  Catches of spawning-
phase sea lamprey in portable assessment traps on three index streams declined 80 to 90
percent during the period 1989-1997.

Alternative 3.  Abandon Sea Lamprey Control as a Fisheries Management Tool for Lake
Champlain.  (No Action Alternative):  Alternative 3 would abandon sea lamprey control as a
fisheries management tool and result in an increase of sea lamprey abundance to pre-
control or 1990 levels.

2.  Fishing Expectations

Results from the eight-year experimental sea lamprey control program clearly
demonstrated that fishery quality can be increased and maintained with a successful sea
lamprey control program.  The two alternatives that implement sea lamprey control would
maintain or improve the quality of the salmonid fishery, as reflected in increased salmonid
survival, increased numbers of salmonids caught by anglers and increased numbers of
salmonid fishing trips.  The walleye population would also receive relief from sea lamprey
parasitism under Alternatives 1 and 2.

Alternative 1.  Initiate an Extensive, Integrated, Long-term Control Program for Sea
Lamprey in Lake Champlain.  (Proposed Action):   Increased effort in sea lamprey control
would result in lowering sea lamprey-induced mortality of salmonids, thus yielding a
greater catch of larger fish.  Under Alternative 1, lake trout catch rate and natural
reproduction are expected to increase.  The wounding rate objective for lake trout in the
533-633 mm (21.0-24.9 in.) length interval under Alternative 1 (25 wounds per 100 lake
trout, ideally 10 wounds per 100 lake trout) represents a 55 to 82 percent improvement
from the pre-control mean annual Main Lake wounding rate of 55 wounds per 100 lake
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trout and an improvement of 35 to 74 percent over the mean annual Main Lake post-
experimental control wounding rate of 38 wounds per 100 lake trout.  Commensurate
increases in survival and catch are expected as fishery responses.  The average size of lake
trout harvested by anglers is expected to increase from 4.2 to 5.0 pounds as more fish live
to older ages.   

Under Alternative 1, landlocked Atlantic salmon catch is expected to increase from levels
experienced post-experimental control.  The wounding rate objective for landlocked
salmon in the 432-533 mm (17.0-21.0 in.) length interval under Alternative 1 (15 wounds
per 100 salmon, ideally 5 wounds per 100 salmon) represents a 71 to 90 percent
improvement from the pre-control mean annual Main Lake wounding rate of 51 wounds per
100 landlocked salmon and an improvement of 32 to 77 percent over the mean annual Main
Lake post-experimental control wounding rate of 22 wounds per 100 landlocked salmon. 
Corresponding increases in survival and returns per fish stocked are expected as fishery
responses.  The average size of landlocked salmon caught is also expected to increase due
to survival of fish to older ages.  The estimated harvest of salmon that survived more than
one year in the Main Lake increased 140 percent (VTDFW, unpublished data) during the
experimental program and is expected to further increase as survival improves. 

Steelhead and brown trout survival would also increase providing a more diversified fishery. 
It is expected that the catch of these two species should increase at rates similar to the
salmon’s. 

Walleye will also benefit from reduced sea lamprey predation under Alternative 1.  The
wounding rate objective for walleye of 534-634 mm (21.0-25.0 in.) in length under
Alternative 1 (2 wounds per 100 walleye, ideally less than 1 wound per 100 walleye)
represents an 85 to nearly 100 percent improvement from the pre-control mean annual
Main Lake/South Lake wounding rate of 18.5 wounds per 100 walleye and an improvement
of 52 to nearly 100 percent over the mean annual Main Lake post-experimental control
wounding rate of 4.2 wounds per 100 walleye.  Survival should improve but to a smaller
degree than salmonid survival because walleye sea lamprey predation has been markedly
lower with less resulting mortality due to sea lamprey predation (Nettles in review). 
Appearance of fish and average size should improve under Alternative 1.

Alternative 2.  Maintain Reduced Sea Lamprey Wounding Rates Attained During the
Experimental Period by Applying Chemical Lampricides:  Alternative 2 would continue sea
lamprey control with lampricides to achieve and maintain sea lamprey reductions similar to
those resulting from the experimental sea lamprey control program.  Implementation of
this alternative would be expected to mimic the results of the experimental program.  

The experimental program resulted in a 25 percent increase in annual survival rates of age
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3-4 lake trout from pre-control levels, and a 50 percent increase in numbers of lake trout
larger than 25 inches (634 mm) in the estimated angler harvest of lake trout in 1997
compared to 1990.  An increase of 7 percent in average weight (3.9 to 4.2 pounds) of
harvested lake trout also occurred between 1990 and 1997 (Fisheries Technical Committee
1999).

A response similar to that resulting from the experimental program is expected for
landlocked salmon.  Estimated Main Lake angler catch of salmon increased 2.2 times
during the experimental program from 3,790 fish in 1990 to 8,496 in 1997; this was a 3.1
fold increase based on numbers of yearling salmon stocked (Fisheries Technical
Committee 1999).  The landlocked Atlantic salmon fishery also increased in quality (a
greater number of larger/older salmon) in the Main Lake basin as a result of the
experimental sea lamprey control program.

Steelhead and brown trout catch and harvest rates would be expected to be similar to those
achieved in the experimental program.

A similar walleye response to that realized from the experimental program is expected
under Alternative 2.  Sea lamprey wounding rates of 13 wounds per 100 Main Lake/South
Lake fish in the 534-634 mm (21.0-25.0 in.) length interval can be expected.  This level of
sea lamprey predation probably does not markedly suppress walleye survival.

Alternative 3.  Abandon Sea Lamprey Control as a Fisheries Management Tool for Lake
Champlain.  (No Action Alternative):  Under Alternative 3, the overall salmonid fishery is
expected to decline.  Catch rate of Main Lake lake trout would be less than 0.05 fish per
hour for fish greater than 25 inches (634 mm), based on a return to 1990 catch rates for
fish in this size range as estimated from angler diary cooperator data (Fisheries Technical
Committee 1999).  Managers may decide to increase stocking to offset the mortality of
lake trout, but even if stocking were increased, the harvest would still not meet that
achieved during the experimental program.  Salmon stocking may continue, but numbers
probably would be greatly reduced, and stocking may be restricted to areas of the lake that
have shown the best returns in the past.  The salmon fishery would probably revert back to
one of similar or lower quality than was present in Lake Champlain in 1990.  Brown trout
and steelhead stocking may also be reduced or discontinued under Alternative 3 as survival
of these two species is greatly reduced in the presence of sea lamprey.

Under Alternative 3, walleye wounding would return to approximately 13 wounds per 100
fish or higher (534-634 mm or 21.0-25.0 in.).  Survival rates of walleye populations
experiencing this level of sea lamprey wounding were still considered good (Nettles in
review), but increases in predation may occur if sea lamprey prey more heavily on walleye
due to low abundance of more preferred salmonid prey. 
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3.  Economic Impacts

Alternative 1.  Initiate an Extensive, Integrated, Long-term Control Program for Sea
Lamprey in Lake Champlain.  (Proposed Action):  Rather than attempting a projection of
estimated economic impacts associated with Alternative 1 in terms of dollar value, angler
use, additional business opportunities or infrastructure capacity, the Cooperative simply
notes that impacts are not precisely known, but would likely be greater than those of
Alternative 2.  The expectation of a higher quality fishery with Alternative 1 supports this
view.  For a relative comparison, the economic impacts anticipated under Alternative 2 are
summarized below.

Alternative 2.  Maintain Reduced Sea Lamprey Wounding Rates Attained During the
Experimental Period by Applying Chemical Lampricides:  The economic impacts of
Alternative 2 would be similar to the impacts documented during the experimental sea
lamprey control program.  Estimated annual angler trips for anglers targeting salmonids
during the experimental program increased by 47 percent, and 30 percent of the anglers
plan to increase their fishing-related expenditures by 21 percent if the program is
continued (Gilbert 1997, 1999b, 1999d).  As described earlier in Section I.B., the eight-
year experimental sea lamprey control program was characterized by a favorable
benefit:cost ratio of 3.48:1.  Continuation of sea lamprey control at this level would be
expected to generate an additional $4.2 million in annual fishing-related expenditures and
$59.3 million in annual water-based recreation expenditures (Gilbert 1999a).

Increased numbers of lake trout available as a result of sea lamprey control, larger average
and maximum size and more aesthetically acceptable appearance stimulated expansion of
the lake trout fishery.  Despite a 16 percent reduction in fishing license sales in Vermont
between 1991 and 1997, and a decline of 29 percent in the number of total annual fishing
trips, the angler use of the lake trout fishery increased 26.5 percent from 1991 to 1997
(Gilbert 1999b).  Angler use of the landlocked salmon fishery increased 40 percent from
1991 and the steelhead fishery increased 144 percent (Gilbert 1999b).  Brown trout angler
trips per year increased 106 percent over the same period.

Long-term sea lamprey control would continue to provide additional business opportunities
for small business owners.  Gross business income of 98 fishing and fishing-related
businesses increased 32.9 percent from 1991 to 1997 (Gilbert 1999d).  The largest
increase among the businesses examined was within the fishing charter industry (69.6%),
followed by bait/tackle dealers (41.1%), marinas (23.7%), taxidermy (18.0%) and
boat/motor sales and repair (11.5%) in the eight-year experimental control period.  

In addition to income growth, 48.5 percent of these businesses expanded during this same
time.    Success of the experimental sea lamprey control program was cited by the business
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owners as the specific reason for this expansion.  If sea lamprey control was to continue,
owners of 35.4 percent of the businesses had definite plans to expand their business
(Gilbert 1999d).

Present infrastructure in the form of public and private boat launching sites, shore-based
fishing sites, law enforcement and search and rescue units appears adequate to
accommodate the expected increased angler use in Lake Champlain (Gilbert 1999c).  There
are 84 boat launching sites on the lake and its tributaries, with parking for an estimated
3,000 automobiles and trailers.   Average unused, available capacity in the summer of 1997
was 2,521 vehicles on weekdays and 1,658 on weekends and holidays.  There are ten
specifically dedicated shore-based fishing sites with space for 405 anglers and 294
automobiles.  These sites only approached capacity on a few weekends during the prime
spring fishing periods in 1997.  

Information obtained from representatives of regional and local chambers of commerce
also indicate that private sector facilities and services can accommodate additional
salmonid anglers since the bulk of the increase will occur when use rates of restaurants,
motels, gas stations, etc. are low (spring/early summer and late summer/fall).  Increase in
salmonid sport fishing will offset the declining overall angler use, therefore impacts will be
minimal.  There is a lack of marina-based berthing, mooring and boat launching capacity but
that primarily supports recreational boaters rather than anglers (Gilbert 1999c). 

Law enforcement and search and rescue units have not experienced any measurable impact
of the experimental sea lamprey control program on their activities and do not anticipate
any significant changes in the immediate future (Gilbert 1999c).

Alternative 3.  Abandon Sea Lamprey Control as a Fisheries Management Tool for Lake
Champlain.  (No Action Alternative):  Under Alternative 3, a reduction in the number of
salmonid fishing trips as well as salmonid fishing expenditures would be expected as the
salmonid fishery declines.  Existing fishing and fishing-related businesses that sell fishing
goods would likely decline, leading to an expected reduction in fishing related business
employment.

4.  Comparison of User Conflicts

The FEIS listed conflicts between the salmonid fishery and other lake/stream uses by the
various alternatives (see FEIS Table III-6a, page 48).  It was judged at that time that user
conflicts would be minor under the eight-year experimental sea lamprey control program
and the no control alternative, and more extensive under a long-term control program.  User
conflicts are discussed in Section VII.A.1.



60

5.  Social Impacts

Alternative 1.  Initiate an Extensive, Integrated, Long-term Control Program for Sea
Lamprey in Lake Champlain.  (Proposed Action):  Recreational fisheries provide a host of
benefits to society.  The social impacts are elusive, however, and not readily identifiable
because they are related to life and social well-being (Weithman 1993).  Enjoyment
derived from a fishing trip may not only come from catching fish but from the experience
itself, including spending time with family or friends, enjoying the quiet setting, and finding
a time and place to relax.  Alternative 1 would enhance the value of the Lake Champlain
fishing experience. 

The projected increase in the number of salmonid angler and recreation days associated
with continued or enhanced sea lamprey control would be the result of sea lamprey
management providing greater numbers of salmonids, larger average and maximum size and
more aesthetically acceptable appearance of fish to the public (Gilbert 1999b).  The
increase in usage of the lake and its salmonid fishery will reflect this greater angler
satisfaction.

Alternative 2.  Maintain Reduced Sea Lamprey Wounding Rates Attained During the
Experimental Period by Applying Chemical Lampricides:  See Alternative 1.

Alternative 3.  Abandon Sea Lamprey Control as a Fisheries Management Tool for Lake
Champlain.  (No Action Alternative):  Without sea lamprey control, the salmonid fishery
would be reduced and salmonid angler participation and satisfaction would decline.  

6.  Costs

Costs of long-term sea lamprey control vary depending on the control options employed
for each stream and how a control option is implemented.  The cost of lampricides
represent the largest cost associated with most stream chemical treatments and the quantity
and type of lampricide formulation (TFM, TFM/niclosamide) applied is determined by
varying water chemistry and stream flow.  Treatment intervals may also vary due to sea
lamprey population dynamics.  Trapping operations, barrier and trap establishment, and life
expectancy of structures proposed are also subject to variables that are difficult to predict
with accuracy.  All of these factors affect overall program costs.  Thus, cost estimates are
generated using estimates of projected high-end costs and assume four-year lampricide
treatment cycles, annual trapping expenditures and a 50-year life expectancy of permanent
structures.

Table V-2 compares the control strategy costs of Alternatives 1 and 2.  The estimated high-
end annual cost for sea lamprey control activities under Alternative 1 is $632,800. 
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Estimates under Alternative 1 reflect the costs of the most applicable control strategies as
determined by the Cooperative and as indicated in the summary strategies of each of the 20
screened streams in Section VIII .  The estimated high-end annual cost for sea lamprey
control activities under Alternative 2 is $488,425 and reflects the costs projected for the
13 streams treated during the experimental sea lamprey control program.  Alternative 2
places reliance on lampricide treatments for sea lamprey control and ignores the
integration of other techniques not established as part of the experimental program. 
Alternative 3 (no sea lamprey control) would incur no costs.  In addition to the costs listed,
the Service’s monitoring and assessment activities would continue regardless of the
Alternative, and that cost is estimated at $142,195 annually.  Additional costs associated
with routine fisheries management activities unrelated to the sea lamprey control
alternatives selected would be incurred.  These include costs for fish production, stocking,
environmental protection, boat launching site construction, rehabilitation and maintenance;
a modest level of fish population and/or fishery monitoring or trouble shooting;
enforcement of fishing-related regulations; etc.  These are routine fisheries management
activities which are carried out by both states on all waters accessible to the public for
fishing purposes.



62

Table V-2.  Comparison of maximum, estimated cost in year 2000 dollars of preferred control strategies
under Alternative 1 and Alternative 2.  Lampricide costs are those for one treatment (generally conducted
every four years).  Barrier costs, except for the Great Chazy River, are values for construction of new
barriers with life expectancies of 50 years.  Trapping costs are annual expenditures.  The “Annual”
subtotal heading is the sum of the annualized cost of lampricides, barriers and trapping.  No control costs
are associated with Alternative 3.

Stream
Alternative 1 Alternative 2

Lampricide Barrier Trapping Annual Lampricide Barrier Trapping Annual

Great Chazy 75,700 1,900a 5,300 26,125 75,700 1,900 5,300 26,125

Saranacb 310,300 5,300 82,875 310,300 5,300 82,875

Salmonb 141,700 299,100 4,700 46,100 141,700 4,700 40,125

L. Ausableb 197,000 49,250 197,000 49,250

Ausableb 477,200 119,300 477,200 119,300

Boquetb 428,400 107,100 428,400 107,100

Beaver 18,600 75,000 6,150 18,600 4,650

Mullen 75,000 4,800 6,300

Putnam 40,300 10,075 40,300 10,075

Mt. Hopec 20,800 5,200 20,800 5,200

Poultneyc 70,700 17,675 70,700 17,675

Lewis 51,400 12,850 51,400 12,850

Winooski 132,900 33,225

Sunderland 5,100 5,100

Malletts 125,400 5,100 7,600

Indian 5,100 5,100

Trout 5,200 5,200 24,900 6,225

Stone Bdg. 5,300 5,300 27,900 6,975

Missisquoi 120,700 5,500 35,675

Youngman 5,500 5,500

Pikec 106,200 26,600

Morpion 195,000 10,600 14,500

Total Annual Cost 632,800 488,42
5

a This cost represents barrier maintenance.
b Lampricide cost includes both stream and delta treatments.
c Mt. Hope Brook, Poultney and Pike River lampricide costs include those for Greenland Brook, the Hubbardton River and Morpion
Stream, respectively.
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VI.  AFFECTED ENVIRONMENT

A.  General Description

This section provides a description of Lake Champlain, its sea lamprey producing
tributaries and delta areas inhabited by sea lamprey larvae.  Physical and biological
characteristics and public uses of these water resources will be described in sufficient
detail in Section VII to understand the effects of the Proposed Action and alternatives. 
Wetlands which would be exposed to lampricides will also be described in further detail in
Section VII.

Lake Champlain occupies part of a large north-south valley between northeastern New York
and western Vermont, and extends a short distance into the Province of Quebec, Canada.  It
is the sixth largest natural coldwater lake in the United States.  The total lake water surface
area is 435 square miles of which 62 percent is in Vermont, 34.5 percent in New York, and
3.5 percent in Quebec (see page 79 of the FEIS for more detail). 

B.  Lake Basins and Sea Lamprey Producing Tributaries

1.  South Lake

The South Lake portion of Lake Champlain extends from Whitehall, New York, northward
to the Crown Point Bridge.  This area includes East Bay which is the lower portion of the
Poultney River and South Bay.  This section of Lake Champlain is characterized by
relatively shallow waters and a more river-like environment than other sections of the lake. 
Extensive wetlands are associated with both shores of the lake in this region.

The shoreline of this basin is sparsely developed in terms of permanent residences. 
Seasonal homes and associated water oriented recreational activities, particularly boating,
warmwater fishing, and waterfowl hunting are popular in this area.  High turbidity and
eutrophic conditions limit the suitability of water for household consumption and
swimming.  However, some water use for these purposes occurs.

Sea lamprey populations are known to exist in three stream systems tributary to the South
Lake (Table V-1, Figure V-1).  These are the Poultney River and its major tributary, the
Hubbardton River, Mount Hope Brook and its tributary, Greenland Brook, and Putnam
Creek.  During the eight-year experimental sea lamprey control program these tributaries
were treated for sea lamprey using the lampricide TFM (Fisheries Technical Committee
1999).  There are ten additional South Lake streams that have suitable spawning and larval
nursery habitat, but at present are not known to support sea lamprey larvae (see Table VIII-
22).
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2.  Main Lake

The Main Lake basin is the area extending from the Crown Point Bridge north to Rouses
Point, New York, west of the Lake Champlain Islands of South and North Hero and Alburg,
Vermont.  This area provides the majority of the deep, coldwater salmonid habitat in Lake
Champlain.

Water usage in this basin includes public, industrial, commercial, agricultural, and private
water supplies.  Recreational use includes fishing, boating, waterfowl hunting, waterskiing,
wind surfing, and swimming.  

Land uses in the surrounding area includes many residential and seasonal homes, two major
population centers in Burlington, Vermont and Plattsburgh, New York, and numerous public
and private beaches.  The Vermont shoreline has considerable agricultural use, while the
New York shore is more forested.

There are eleven stream systems tributary to the Main Lake basin where the presence of sea
lamprey has been confirmed (Table V-1, Figure V-1).  Nine of these streams were treated
as part of the experimental program.  An additional eighteen streams have suitable spawning
and larval nursery habitat but at present are not known to support sea lamprey larvae (see
Table VIII-22).  Sea lamprey populations exist on five river deltas on the New York side of
the Main Lake basin.  These deltas were treated with lampricide during the eight-year
program (Fisheries Technical Committee 1999).  The potential for populations on other
deltas exists but none have been surveyed recently.

3.  Malletts Bay

The Malletts Bay basin is located north of Burlington on the east side of Lake Champlain. 
It is separated from the Main Lake basin by a railroad causeway to the west and from the
Inland Sea by a road causeway (Route 2) to the north.  The basin consists of a moderately
deep outer bay and a smaller and shallower inner bay.  

Malletts Bay is used more for recreational boating than any other basin.  Recreational use
also includes fishing, waterfowl hunting, waterskiing, windsurfing, and swimming.  The
shoreline use includes forested land, commercial use and many seasonal and permanent
homes, as well as a state wildlife refuge and park.  Water is used for public, private and
commercial water supplies.

Malletts Creek and its tributary Indian Brook, are the two sea lamprey producing streams
that flow into the basin (Table V-1, Figure V-1).  Neither stream was treated during the
eight-year program to protect the resident northern brook lamprey, listed as endangered in
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Vermont.  There is an extensive wetland associated with the mouth of Malletts Creek.  The
Lamoille River is the largest tributary of Malletts Bay and flows into the outer bay, but it
presently does not have a sea lamprey population.  There are two additional streams that
have suitable spawning and larval nursery habitat, but at present are not known to support sea
lamprey larvae (see Table VIII-22).

4.  Inland Sea

The Inland Sea is located to the east of the Lake Champlain Islands of North and South
Hero, Vermont.  There are no major tributaries that drain into the Inland Sea.  The Inland
Sea is generally mesotrophic in character.

Land uses along the shoreline of the Inland Sea includes permanent and seasonal homes,
agriculture, and forested land.  The high water quality facilitates its use for public and
private water supplies, as well as fishing, boating, waterfowl hunting, waterskiing,
windsurfing, and swimming.  There are wetlands associated with some of the embayments, a
state wildlife refuge and several state parks in this sub-basin.

There are two tributaries where the presence of sea lamprey has been confirmed (Table V-
1, Figure V-1).  Both of these, Stone Bridge Brook and Trout Brook, were treated as part of
the eight-year experimental program (Fisheries Technical Committee 1999).  In addition,
there are three streams that have suitable spawning and larval nursery habitat but at present
are not known to support sea lamprey larvae (see Table VIII-22).

5.  Missisquoi Bay

Missisquoi Bay is located to the north of the Inland Sea and drains south.  The
U.S./Canadian border divides the bay with the Province of Quebec located to the north. 
This shallow basin is eutrophic and supports primarily warmwater fish species.

There are many seasonal homes located on the shoreline, especially in Quebec.  Water use
includes both public, commercial, and private.  Land use in the area is largely agricultural. 
Major wetlands are associated with the mouth of the Missisquoi River and are part of the
Missisquoi National Wildlife Refuge, owned and operated by the Service.  Fishing and
waterfowl hunting are popular recreational uses of the bay.

There are four sea lamprey producing streams that drain into the bay, none of which were
included in the experimental program (Table V-1, Figure V-1).  These are the Missisquoi
River, Youngman Brook, Pike River, and Morpion Stream, a tributary to the Pike.  There are
three other streams that have suitable spawning and larval nursery habitat but at present are
not known to support sea lamprey larvae (see Table VIII-22).
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C.  Human Resources

The total population of the three New York and five Vermont counties bordering Lake
Champlain was 454,484 in 1990 and estimated at 471,265 in 1999 (Population Estimate
Program, Population Division, U.S. Census Bureau, Washington, DC ;
http://www.census.gov/population/estimates).  This represents a 3.7 percent increase in the
total population over the course of the experimental sea lamprey control program.  The
changes in population by county ranged from a 7.3 percent decrease in Clinton County,
New York to a 19.8 percent increase in Grand Isle County, Vermont.  Franklin and
Chittenden counties in Vermont had the second and third largest population increases at
11.1 percent and 9.2 percent, respectively.  Year-round and seasonal home development
along the lakeshore is concentrated near communities, particularly in the vicinity of
Burlington, Chittenden County, Vermont and Plattsburgh, Clinton County, New York. 
Farmland more frequently borders streams than lakeshore. 

D.  Water Resources
 

1.  Water Quality

Lake Champlain consists of five major water masses described above in Section VI.B. and
by Potash et al. (1969).  Starting from the southerly headwater of the lake at Whitehall,
New York and moving northwards, these areas are:  the South Lake (Whitehall to Crown
Point, New York); the Main Lake (Crown Point to Rouses Point, New York); Malletts Bay
(Colchester Point to Sandbar Bridge, Vermont); Inland Sea or Northeast Arm (Sandbar
Bridge to Alburg, Vermont); and Missisquoi Bay (Highgate, Vermont to Quebec, Canada). 
Overall water quality in each of these areas largely governs the types of water usage.  Least
biologically productive waters (oligotrophic) are the highest quality and provide the best
potable water supplies, coldwater fisheries, swimming and boating.  Moderately productive
waters (mesotrophic) provide for both warmwater and coldwater fisheries, swimming and
boating.  Highly productive waters (eutrophic) are most suitable for wildlife habitat
(wetlands), warmwater fishing and boating.

2.  Uses of Water 

Water from Lake Champlain is used for a variety of purposes.  Table VII-1 presents an
inventory of state-regulated water systems using Lake Champlain water.  Numerous year-
round and seasonal homes draw water from Lake Champlain.  Tributaries proposed for
lampricide treatments serve as water supplies for some riparian landowners including the
Essex County Fish Hatchery, New York, while the lake serves several large industrial users
and the Ed Weed Fish Culture Station in Grand Isle, Vermont.  There are many agricultural
users along the tributaries and the lake shoreline that also utilize stream and lake water in
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their operations.  Recreational uses of Lake Champlain include swimming, fishing, boating,
waterskiing, windsurfing, skin diving and waterfowl hunting (see FEIS, pages 80-81 for
additional information).

E.  Biological Resources 

Biological resources described in this section are presented by phylogenetic category in a
sequence that is followed throughout the remainder of this SEIS.  Discussion of endangered
and threatened species that are legally listed under the States of Vermont, New York, the
federal government and the Province of Quebec, will occur within each phylogenetic
category.  Endangered (equivalent to threatened in Quebec) species are those determined to
be in danger of extinction in one or both states and/or its national range.  Threatened
(equivalent to vulnerable in Quebec) species are those species that are likely to become
endangered within the foreseeable future.  Quebec also lists species as susceptible which
indicates this species may be designated as vulnerable or threatened in the future (see
Section II for more detail).  Canada has similar designations but they are advisory, and
currently do not afford legal protection.  Discussion of state and federal statutory authority
regarding these protective categories is presented in Section II.

1.  Wetlands

Two major wetland settings are present in the Lake Champlain system in the areas proposed
for sea lamprey control:  1) wetlands lying below the 102 foot contour line (Lake
Champlain wetlands) that are directly influenced by natural lake level fluctuations; and 2)
wetlands at elevations greater than 102 feet (riparian wetlands) associated with the riparian
zone of tributary stream systems that are influenced by changes in river stage rather than
lake elevation (Gruendling and Bogucki 1986).  For a more detailed description of Lake
Champlain wetlands see the FEIS, pages 82-83.  

2.  Plants

Two plant species listed as threatened in New York have been found at survey sites near
streams proposed for TFM treatments in New York.  Spurred gentian, Halenia deflexa, has
been observed in Ausable Chasm bordering the Ausable River and lance-leafed loosestrife,
Lysimachia hybrida, has been observed near Mt. Hope Brook at a South Bay Creek-Cold
Spring survey site.  No federally-listed plant species are known to exist in the proposed
treatment areas.  None of these listed plant species is expected to be affected by sea
lamprey control measures.  For more detailed information on plants in or near Lake
Champlain see the FEIS, page 83.
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3.  Invertebrates

Inventories of aquatic macroinvertebrates in wetland and deltaic areas of several Lake
Champlain tributaries were conducted prior to and during the 1990-1997 experimental sea
lamprey control program.  Prior to control, Gruendling and Bogucki (1986) found the
macroinvertebrate community dominated by the groups Diptera (midges), Amphipoda
(scuds) and Isopoda (sowbugs).  Subdominant groups in various wetlands were Gastropoda
(snails) and Trichoptera (caddisflies). 

Later surveys (1990-1992) to assess the impacts of TFM and niclosamide on the
macroinvertebrate community on the Ausable and Little Ausable River Deltas determined
the presence of  “common species found throughout Lake Champlain and none...
considered rare or endangered” (Gruendling and Bogucki 1993a, 1993b).  Species found
were similar to the 1986 study but with different orders dominating; Oligochaeta (worms),
Amphipoda, Diptera, Hirudinea (leeches), Pelecypoda (fingernail clams), Ephemeroptera
(mayflies) and Gastropoda were all found on these two deltas.  Lyttle (1996) found 22
more species of gastropods in 1995 than did Gruendling and Bogucki (1993b) in 1992. 
None of the gastropods collected were state (Vermont and New York) or federally-listed as
unique or rare.

Two species of unionid mussels were found on the Ausable and Little Ausable River Deltas
during the 1990-1992 lampricide impact surveys.  These were eastern lampmussel and
eastern elliptio, both of which are widely distributed in the Lake Champlain drainage
(Tables VI-1 and VI-2) (Gruendling and Bogucki 1993b; Smith, D.G. 1985).  Lyttle (1996)
conducted a follow-up assessment of mussel populations on the Ausable and Little Ausable
Deltas in 1995.  The eastern floater and giant floater were found in addition to the eastern
elliptio and eastern lampmussel.  These four mussel species were also found at the majority
of the other 51 sites sampled throughout Lake Champlain.  The exotic zebra mussel was
concurrently documented on these deltas.

An inventory of mussels found in the Lake Champlain tributaries and associated deltas
currently under consideration for sea lamprey control is presented in Table VI-2.  Eight of
the 14 Lake Champlain basin mussel species are listed in Vermont as endangered or
threatened; none are federally-listed or listed in the State of New York (Table VI-1).  The
eastern pearlshell is the only Vermont-listed mussel that does not occur in lamprey-
infested areas of Vermont tributaries, and thus will not be affected by lamprey control
activities (Table VI-2).

4.  Fish

General:  At least 89 species of fish have been documented since 1970 either in Lake
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Champlain and/or in its tributaries (Table VI-3 and Table VI-4).  The presence of a species
in a stream is noted if that species is known to inhabit that particular stream during some
period of the year or life history stage.  For example, landlocked Atlantic salmon, steelhead
trout and walleye may be present at various life stages due to migrations or current stocking
programs.  The lake has abundant and diverse warmwater and coldwater fisheries with at
least 20 fish species actively sought by anglers.

Endangered and threatened fishes:  No fish species in the Lake Champlain basin are
federally-listed or given similar protective status by Quebec.  Seven fish species are
classified as endangered or threatened in Vermont and/or New York (Table VI-3).  Unless
otherwise noted, all species descriptions and distributions are from C.L. Smith (1985).

Northern Brook Lamprey (endangered in Vermont)- This nonparasitic native lamprey is
present only in the Malletts Creek/Indian Brook drainage in Vermont.  In New York, it
occurs in the Great Chazy River in the Lake Champlain basin (Fisheries Technical
Committee 1999) as well as Little Buffalo Creek, a tributary to Lake Erie.  Outside of New
York and Vermont, the range of this lamprey is widely distributed throughout the upper
Great Lakes including the Upper Peninsula of Michigan and Ontario (Cuddy et al. in
review).  Scattered populations also exist in Missouri, Kentucky, Ohio, Pennsylvania,
Manitoba, and Quebec.

American Brook Lamprey (threatened in Vermont)- In Vermont, this nonparasitic native
lamprey is known to occur in Sunderland Brook (a tributary of the Winooski River), Trout
Brook, Kelly Brook (a tributary of the Missisquoi River above the Swanton Dam), and
Youngman Brook (NYSDEC et al. 1990;  Fisheries Technical Committee 1999).  In New
York, American brook lamprey are found in the Ausable, Little Ausable and Salmon Rivers,
and in Mullen Brook (NYSDEC et al. 1990;  Fisheries Technical Committee 1999).  Other
New York populations are found in the Allegheny drainage, the Upper Genesee River
system, Cattaraugus Creek, St. Lawrence River tributaries, the New York City area and on
Long Island.  It also occurs in the Pike River and Morpion Stream in Quebec (USFWS
unpublished data).  The American brook lamprey also occupies a broad band across the
northern part of the United States and southern Canada.

Lake Sturgeon (threatened in New York and endangered in Vermont)- Lake sturgeon are rare
in Lake Champlain.  Lake sturgeon occur in the Great Lakes basin (including the St.
Lawrence River and Lake Champlain) and the Mississippi River and Hudson Bay drainages. 
Habitat alteration and overfishing have led to their decline throughout most of their range.

The VTDFW in cooperation with the Service began an assessment program in 1998 by
sampling for adult sturgeon during spring spawning migrations in the Winooski and
Lamoille Rivers with gillnets.  Three male sturgeon were captured in the Lamoille River in
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1998.  Four males were collected in the Lamoille (one recapture from 1998) and one in the
Winooski in 1999.  In 2000, three male sturgeon were collected in both the Lamoille and
Winooski rivers.  The three collected in the Lamoille were recaptures from previous years. 
No female lake sturgeon have been captured.  Areas where sturgeon have been seen during
sampling for other fish species or caught by anglers have included northern Lake
Champlain, the  Lamoille, Winooski and Missisquoi Rivers and Otter Creek.  Efforts to
discover the reproduction status of lake sturgeon are currently under way but no efforts
have yet occurred to sample juveniles.

Mooneye (threatened in New York)- The mooneye occurs in large rivers and lakes, ranging
from the Mississippi River drainage through the Great Lakes/St. Lawrence, and James Bay
drainages.  In Lake Champlain, it is found in the more southerly areas and C.L. Smith
(1985) characterizes the species as being “reasonably common” here although local
scientists are unsure of its status or believe mooneye are less abundant than suggested (C.
MacKenzie, VTDFW, personal communication; D. Parish, USGS, personal
communication).

Stonecat (endangered in Vermont)- In Vermont the stonecat is present only in the LaPlatte
River.  In New York, it occurs in the Little Ausable, Salmon, Saranac and Great Chazy
Rivers (Fisheries Technical Committee 1999).  Stonecats also occur in the Great Lakes, St.
Lawrence, upper Hudson, and Allegheny River systems and in Schoharie Creek.  The Pike
River, Quebec also contains stonecats (Gratton 1995).  Elsewhere, the stonecat ranges
from the St. Lawrence to the Upper Mississippi drainage and south on the western side of
the Appalachians to Arkansas and the Tennessee River systems.

Eastern Sand Darter (threatened in New York and Vermont)- This small darter prefers
moderate-sized streams with clean sandy bottoms and is found in the lower Winooski,
Missisquoi and Lamoille Rivers in Vermont, and in the lower Poultney and Mettawee
Rivers in both New York and Vermont.  Outside of the Champlain Basin, the eastern sand
darter occurs east of the Mississippi from southern Illinois and Kentucky through the
Mississippi, Ohio, and Great Lakes drainages including Lake Erie and a few tributaries in
New York, and in the Little Salmon River in the St. Lawrence drainage to southern
Michigan and southern Ontario.  Recently it has been found in the St. Regis, Deer, and
Grasse Rivers in New York (Carlson 1998, 1999).  

Channel Darter (endangered in Vermont)- The channel darter occurs in the lower Poultney
River, the LaPlatte River and in the Winooski River.  Carlson (1999) reported channel
darters in the Grasse River and St. Regis River, New York.  It also occurs in the Tennessee,
the Ohio and St. Lawrence River systems, and Lakes Huron, Erie, and Ontario.  A disjunct
population occurs in the Red and Arkansas Rivers in Kansas, Oklahoma, Arkansas, and
northern Louisiana.
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5.  Amphibians

Twenty amphibians are known to occur in the vicinity of Lake Champlain or its sea lamprey
producing tributaries (Table VI-5).  The striped chorus frog is the only specially protected
amphibian (endangered in Vermont, vulnerable in Quebec) in the vicinity of Lake
Champlain, and a breeding site (cattail/sedge wetland) has been located near Alburg,
Vermont.  No lampricide treatments are proposed in the vicinity of the reported
distribution of this frog.  New York does not afford this tree frog special protection.  It was
collected in 1956 from a drainage slough elevated above the Saranac River flood plain at
Plattsburgh, New York (Gibbs 1957).  However, location of this habitat above the normal
river level would isolate this population, if present, from exposure to river water containing
lampricides.   

6.  Reptiles

Nineteen reptiles are known to occur in the vicinity of Lake Champlain or its sea lamprey
producing tributaries (Table VI-6).  Four of the reptiles are given special status (endangered
or threatened) by either New York, Vermont, or Quebec.  New York classifies the
Blanding's turtle and the timber rattlesnake as threatened.  Vermont classifies the timber
rattlesnake and five-lined skink as endangered and the eastern spiny softshell turtle as
threatened.  Quebec classifies the eastern spiny softshell turtle as threatened.

7.  Birds

A total of 318 species of birds are known to occur in the vicinity of Lake Champlain and
tributary sections proposed for sea lamprey control (see the FEIS, pages 92-98).  The
exhaustive listing of birds in the FEIS Table V-3 includes known breeding, visitant,
transient, casual, and accidental species to the area.  Table VI-7 updates the changes in the
status of the birds listed for protection.

8.  Mammals

Fifty-six mammals are known to occur in the vicinity of Lake Champlain and tributary
sections proposed for lamprey control (see FEIS page 99).  The Indiana bat Myotis sodalis,
is endangered (New York and Vermont); the small-footed myotis Myotis leibii, is threatened
(Vermont); and the marten, Martes americana is classified as endangered (Vermont).  None
of these species or other mammals will be impacted by the proposed sea lamprey control
alternatives.
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9.  Biological Resources Tables

Table VI-1.  Lake Champlain basin mussel species and legal protection status.  E=endangered,
T=threatened, VT=Vermont.  (No federal or New York state-listed mussel species inhabit the Lake
Champlain basin.)

Common Name Scientific Name Status

Black sandshell Ligumia recta E - VT

Pocketbook Lampsilis ovata E - VT

Squawfoot Strophitus undulatus none

Fragile papershell Leptodea fragilis E - VT

Pink heelsplitter Potamilus alatus E - VT

Creek heelsplitter Lasmigona compressa none

Eastern floater Pyganodon cataracta none

Giant floater Pyganodon grandis T - VT

Fluted shell Lasmigona costata E - VT

Cylindrical papershell Anodontoides ferussacianus E - VT

Eastern pearlshell Margaritifera margaritifera T - VT

Eastern elliptio Elliptio complanata none

Eastern lampmussel Lampsilis radiata none

Triangle floater Alasmidonta undulata none

Elktoe Alasmidonta marginata none

Zebra mussel Dreissena polymorpha none
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Table VI-2.  Mussel species known to be present in Lake Champlain and reaches of selected tributaries and deltas accessible to sea lamprey. 
R=river, D=delta, X=river and delta, S=shell found only.  Sources:  Gruendling and Bogucki 1993a, 1993b; Lyttle 1996, 1999 (unpublished);
Fisheries Technical Committee 1999.

Species

Great 
Chazy 
River

Bullis
Brook a,b

Saranac
River

Salmon
River

Little
Ausable
River

Ausable
River

Dry Mill
Brook c

Boquet
River

Beaver
Brook

Mullen
Brook

Black sandshell

Pocketbook X

Squawfoot X

Fragile papershell

Pink heelsplitter

Creek heelsplitter

Eastern floater D D D D

Giant floater D D

Fluted shell

Cylindrical papershell

Eastern pearlshell R R

Eastern elliptio X X X D X X D D

Eastern lampmussel X X X D D X D D

Triangle floater

Zebra mussel D D D D D D D D
a Distribution unknown.
b Tributary to Great Chazy River.
c Tributary to Ausable River.



74

Table VI-2 (continued). 

Species
Putnam
Creek

Brevoort
Brook a,d

Ranney
Brook a,d

Mt. Hope
Brook a

Greenland
Brook a,e

Poultney
River

Hubbardton 
River f

Lewis
Creek

LaPlatte
Rivera

Winooski
River

Black sandshell R

Pocketbook R X X

Squawfoot R X R

Fragile papershell R X R

Pink heelsplitter D R X R

Creek heelsplitter R

Eastern floater R R

Giant floater R X

Fluted shell R D R

Cylindrical papershell

Eastern pearlshell

Eastern elliptio D R X X

Eastern lampmussel D R X X

Triangle floater X

Zebra mussel D D D D D X D
a Distribution unknown.
d Tributary to Putnam Creek
e Tributary to Mount Hope Brook
f Tributary to Poultney River
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Table VI-2 (continued). 

Species
Sunderland
Brook a,g

Malletts
Creek a

Indian
Brooka,h

Trout
Brook a

Stone
Bridge 
Brook

Missisquoi
River

Youngman
Brook a

Pike
River a

Morpion
Stream a,i

Black sandshell R

Pocketbook X

Squawfoot X R

Fragile papershell X

Pink heelsplitter X R

Creek heelsplitter

Eastern floater R

Giant floater R

Fluted shell S

Cylindrical papershell R

Eastern pearlshell

Eastern elliptio X X

Eastern lampmussel X X

Triangle floater R

Zebra mussel D D
a Distribution unknown.
g Tributary to Winooski River.
h Tributary to Malletts Creek.
i Tributary to Pike River.
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Table VI-3.  Fish species known to inhabit Lake Champlain and tributary reaches accessible to sea
lamprey, and their legal protection status.  E=endangered, T=threatened, S=susceptible, VT=Vermont,
NY=New York, QC=Quebec.

Common Name Scientific Name Status

Northern brook lamprey Ichthyomyzon fossor E-VT

Silver lamprey Ichthyomyzon unicuspis none

American brook lamprey Lampetra appendix T-VT

Sea lamprey Petromyzon marinus none

Lake sturgeon Acipenser fulvescens E-VT, T-NY, S-QC

Longnose gar Lepisosteus osseus none

Bowfin Amia calva none

American eel Anguilla rostrata none

Blueback herring Alosa aestivalis none

Gizzard shad Dorosoma cepedianum none

Mooneye Hiodon tergisus T-NY

Cisco Coregonus artedii S-QC

Lake whitefish Coregonus clupeaformis none

Rainbow trout Oncorhynchus mykiss none

Landlocked Atlantic salmon Salmo salar none

Brown trout Salmo trutta none

Brook trout Salvelinus fontinalis none

Lake trout Salvelinus namaycush none

Rainbow smelt Osmerus mordax none

Central mudminnow Umbra limi none

Redfin pickerel Esox americanus americanus S-QC

Grass pickerel Esox americanus vermiculatus S-QC

Northern pike Esox lucius none

Muskellunge Esox masquinongy none

Chain pickerel Esox niger none
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Table VI-3 (continued).

Common Name Scientific Name Status

Goldfish Carassius auratus none

Carp Cyprinus carpio none

Rudd Scardinius erythrophthalmus none

Cutlips minnow Exoglossum maxillingua none

Brassy minnow Hybognathus hankinsoni S-QC

Eastern silvery minnow Hybognathus regius none

Golden shiner Notemigonus crysoleucas none

Emerald shiner Notropis atherinoides none

Bridle shiner Notropis bifrenatus none

Common shiner Luxilus cornutus none

Blackchin shiner Notropis heterodon none

Blacknose shiner Notropis heterolepis none

Spottail shiner Notropis hudsonius none

Rosyface shiner Notropis rubellus none

Spotfin shiner Cyprinella spilopterus none

Sand shiner Notropis stramineus none

Mimic shiner Notropis volucellus none

Northern redbelly dace Phoxinus eos none

Redside dace Clinostomus elongatus none

Finescale dace Phoxinus neogaeus none

Bluntnose minnow Pimephales notatus none

Fathead minnow Pimephales promelas none

Blacknose dace Rhinicthys atratulus none

Longnose dace Rhinicthys cataractae none

Creek chub Semotilus atromaculatus none

Fallfish Semotilus corporalis none
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Table VI-3 (continued).

Common Name Scientific Name Status

Pearl dace Margariscus margarita none

Quillback Carpiodes cyprinus none

Longnose sucker Catostomus catostomus none

White sucker Catostomus commersoni none

Silver redhorse Moxostoma anisurum none

Shorthead redhorse Moxostoma macrolepidotum none

Greater redhorse Moxostoma valenciennesi none

Black bullhead Ameiurus melas none

Yellow bullhead Ameiurus natalis none

Brown bullhead Ameiurus nebulosus none

Channel catfish Ictalurus punctatus none

Stonecat Noturus flavus E-VT

Tadpole madtom Noturus gyrinus none

Trout-perch Percopsis omiscomaycus none

Burbot Lota lota none

Banded killifish Fundulus diaphanus none

Brook stickleback Culaea inconstans none

Threespine stickleback Gasterosteus aculeatus none

White perch Morone americana none

Rock bass Ambloplites rupestris none

Pumpkinseed Lepomis gibbosus none

Bluegill Lepomis macrochirus none

Smallmouth bass Micropterus dolomieui none

Largemouth bass Micropterus salmoides none

Black crappie Pomoxis nigromaculatus none

White crappie Pomoxis annularis none
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Table VI-3 (continued).

Common Name Scientific Name Status

Eastern sand darter Ammocrypta pellucida T-VT, T-NY

Fantail darter Etheostoma flabellare none

Johnny darter Etheostoma nigrum none

Tessellated darter Etheostoma olmstedi none

Yellow perch Perca flavescens none

Logperch Percina caprodes none

Channel darter Percina copelandi E-VT, S-QC

Sauger Stizostedion canadense none

Walleye Stizostedion vitreum vitreum none

Freshwater drum Aplodinotus grunniens none

Mottled sculpin Cottus bairdi none

Slimy sculpin Cottus cognatus none

Brook silverside Labidesthes sicculus none
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Table VI-4.  Fish species known to be present in Lake Champlain and reaches of selected tributaries
accessible to sea lamprey.

Common Name
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Northern brook lamprey X

Silver lamprey X X X X X X X X

American brook lamprey X X X X

Sea lamprey X X X X X X X X X X X

Lake sturgeon X

Longnose gar X X

Bowfin X X X X X

American eel X

Blueback herring X

Gizzard shad X

Mooneye X

Cisco X

Lake whitefish X

Rainbow trout X X X X X X X X

Landlocked Atlantic salmon X X X X X X

Brown trout X X X X X X X X

Brook trout X X X X X X X X

Lake trout X X X X X

Rainbow smelt X

Central mudminnow X X X X X

Redfin pickerel X X

Grass pickerel X
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Table VI-4 (continued). 

Common Name
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Northern pike X X X X X X X

Muskellunge X X

Chain pickerel X X

Goldfish X

Carp X

 Rudd X

Cutlips minnow X X X X X

Brassy minnow

Eastern silvery minnow X X X X X

Golden shiner X X X X

Emerald shiner X X X X X X 

Bridle shiner X X

Common shiner X X X X X X X X X

Blackchin shiner

Blacknose shiner X

Spottail shiner X X X X X

Rosyface shiner X X X X X

Spotfin shiner X X

Sand shiner X X X X X X X

Mimic shiner X X X X X X X

Northern redbelly dace X X

Redside dace a X

Finescale dace

a Positive identification not achieved
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Table VI-4 (continued). 

Common Name
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Bluntnose minnow X X X X X X X X

Fathead minnow X X

Blacknose dace X X X X X X X X X X

Longnose dace X X X X X X X

Creek chub X X X X X X X X

Fallfish X X X X X X X

Pearl dace X X X

Quillback X

Longnose sucker X X X

White sucker X X X X X X X X X X

Silver redhorse X X

Shorthead redhorse X

Greater redhorse X

Black bullhead X

Yellow bullhead X X

Brown bullhead X X X X X X X X X

Channel catfish X X

Stonecat X X X X

Tadpole madtom X

Trout-perch X

Burbot X X

Banded killifish X X X X X X 

Brook stickleback X

Threespine stickleback
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Table VI-4 (continued). 

Common Name
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White perch X

Rock bass X X X X X X

Pumpkinseed X X X X X X X X

Bluegill X X X

Smallmouth bass X X X X X X X 

Largemouth bass X X X 

Black crappie X X

White crappie X

Eastern sand darter

Fantail darter X X

Johnny darter X

Tessellated darter X X X X X X X X X

Yellow perch X X X X X X X X

Logperch X X X X X X X X X

Channel darter X

Sauger X

Walleye X X X X X

Freshwater drum X

Slimy sculpin X X X X X X

Brook silverside X
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Table VI-4 (continued). 

Common Name M
t. 

H
op

e 
B

ro
ok

G
re

en
la

nd
 B

ro
ok

P
ou

ltn
ey

 R
iv

er

H
ub

ba
rd

to
n 

R
iv

er

L
ew

is
 C

re
ek

L
aP

la
tt

e 
R

iv
er

W
in

oo
sk

i R
iv

er

Su
nd

er
la

nd
 B

ro
ok

In
di

an
 B

ro
ok

M
al

le
ts

 C
re

ek

T
ro

ut
 B

ro
ok

St
on

e 
B

ri
dg

e 
B

ro
ok

M
is

si
sq

uo
i R

iv
er

Y
ou

ng
m

an
 B

ro
ok

P
ik

e 
R

iv
er

M
or

pi
on

 S
tr

ea
m

Northern brook lamprey X X

Silver lamprey X X X X X X X X X X X X

American brook lamprey X X X X X X

Sea lamprey X X X X X X X X X X X X X X X X

Lake sturgeon X X

Longnose gar X X X

Bowfin X X X X X X X

American eel X X X X X X

Blueback herring X

Gizzard shad X X X

Mooneye

Cisco X a

Lake whitefish

Rainbow trout X X X X

Landlocked Atlantic
salmon

X X X

Brown trout X X X X X X

Brook trout X X

Lake trout X X

Rainbow smelt X X X X X

Central mudminnow X X X X X X

Redfin pickerel X X X

Grass pickerel X

a From Gratton (1995), however it is unlikely that cisco are present for any extended period of time.
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Table VI-4 (continued). 
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Northern pike X X X X X X X X

Muskellunge X X X

Chain pickerel X X X X X X

Goldfish

Carp X X X X X X X X

Rudd

Cutlips minnow

Brassy minnow X

Eastern silvery minnow X X X X X X X X X X X

Golden shiner X X X X X X X X X X X X

Emerald shiner X X X X X X X X X X

Bridle shiner X

Common shiner X X X X X X X X X X X

Blackchin shiner X X

Blacknose shiner X X X X X X

Spottail shiner X X X X X X X

Rosyface shiner X X X X X X X

Spotfin shiner X X X X X X X

Sand shiner X X X X

Mimic shiner X X X X X X X

Northern redbelly dace X X X X X X X

Redside dace

Finescale dace X

Bluntnose minnow X X X X X X X X X X X X X
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Table VI-4 (continued). 
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Fathead minnow X X X X X X X

Blacknose dace X X X X X X X X X X X X X X

Longnose dace X X X X X X X X X X X

Creek chub X X X X X X X X X X X X X X

Fallfish X X X X X X X X X

Pearl dace X

Quillback X X

Longnose sucker X

White sucker X X X X X X X X X X X X X

Silver redhorse X X X

Shorthead redhorse X X X X

Greater redhorse X X

Black bullhead

Yellow bullhead X X X X X X X

Brown bullhead X X X X X X X X X

Channel catfish X X X X

Stonecat X X

Tadpole madtom

Trout-perch X X X

Burbot X X X

Banded killifish X X X X X X X

Brook stickleback X X X X X

Threespine stickleback X

White perch X X X X
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Table VI-4 (continued). 
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 Rock bass X X X X X X X X X X X

Pumpkinseed X X X X X X X X X X X X X

Bluegill X X X X

Smallmouth bass X X X X X X X X X X

Largemouth bass X X X X X X X X X

Black crappie X X X X X X X X

White crappie

Eastern sand darter X X X

Fantail darter X X

Johnny darter  X

Tessellated darter X X X X X X X X X X X X X X

Yellow perch X X X X X X X X X X X

Logperch X X X X X X X X X X

Channel darter X X X

Sauger X

Walleye X X X X X X X

Freshwater drum X X X X

Slimy sculpin X X

Brook silverside X
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Table VI-5.  Amphibian species known to be present in the vicinity of Lake Champlain or its tributaries. 
Sources:  NYSDEC et al. 1990; Shank 1999.

Common Name Scientific Name Status

American toad Bufo americanus americanus none

Spring peeper Hyla crucifer crucifer none

Gray tree frog Hyla versicolor none

Striped chorus frog Pseudacris triseriata Endangered - Vermont
Vulnerable - Quebec

Northern leopard frog Rana pipiens none

Pickerel frog Rana palustris Susceptible - Quebec

Green frog Rana clamitans melanota none

Bull frog Rana catesbeiana none

Mink frog Rana septentrionalis none

Wood frog Rana sylvatica none

Mudpuppy Necturus maculosus maculosus none

Eastern newt a Notophthalmus viridescens
viridescens

none

Jefferson salamander Ambystoma jeffersonia none

Blue-spotted salamander Ambystoma laterale none

Spotted salamander Ambystoma maculatum none

Northern dusky
salamander

Desmognathus fuscus fuscus Susceptible - Quebec

Redback salamander Plethodon cinereus none

Four-toed salamander Hemidactylium scutatum Susceptible - Quebec

Northern spring
salamander

Gyrinophilus porphyriticus
porphyriticus

Susceptible - Quebec

Northern two-lined
salamander

Eurycea bislineata bislineata none

a Also known as Red spotted newt
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Table VI-6.  Reptile species known to be present in the vicinity of Lake Champlain or its tributaries. 
Sources:  NYSDEC et al. 1990; Shank 1999.

Common Name Scientific Name Status

Common snapping turtle Chelydra serpentina serpentina none

Stinkpot Sternotherus odoratus none

Wood turtle Clemmys insculpta Susceptible - Quebec

Map turtle Graptemys geographica Susceptible - Quebec

Eastern painted turtle Chrysemys picta picta none

Blanding’s turtle Emydoidea blandingii Threatened - New York
Susceptible - Quebec

Eastern spiny softshell
turtle

Apalone spinifera Threatened - Vermont
Threatened - Quebec

Five-lined skink Eumeces fasciatus Endangered - Vermont

Northern redbelly snake Storeria occipitomaculata
occipitomaculata

none

Northern brown snake Storeria dekayi dekayi Susceptible - Quebec

Common garter snake Thamnophis sirtalis sirtalis none

Eastern ribbon snake Thamnophis sauritus sauritus none

Northern ringneck snake Diadophis punctatus edwardsi none

Northern water snake Nerodia sipedon sipedon Susceptible - Quebec

Northern black racer Coluber constrictor constrictor none

Eastern smooth green
snake

Opheodrys vernalis vernalis none

Black rat snake Elaphe obsoleta obsoleta none

Eastern milk snake Lampropeltis triangulum triangulum none

Timber rattlesnake Crotalus horridus Endangered - Vermont
Threatened - New York
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Table VI-7.  List of birds that are provided protection and are known to occur in the vicinity of Lake
Champlain or its tributaries.  Special concern species are only indicated if they are threatened or
endangered in other states.  (p) = Bird is a piscivorous species.  Sources:  NYSDEC; VTDFW; Shank
1999.

Common Name Scientific Name Status

Common loon (p) Gavia immer Endangered - Vermont
Special concern - New York

Pied-billed grebe (p) Podilymbus podiceps Threatened - New York
Susceptible - Quebec

Least bittern (p) Ixobrychus exilis Threatened - New York

Osprey (p) Pandion haliatus Endangered - Vermont
Special concern - New York

Bald eagle (p) Haliaeetus leucocephalus Endangered - Vermont
Threatened - New York
Threatened - Federal
Susceptible - Quebec

Northern harrier Circus cyaneus Threatened - New York

Golden eagle (p) Aquila chrysaetos Endangered - New York
Susceptible - Quebec

Cooper’s hawk Accipiter cooperii Susceptible - Quebec

Peregrine falcon Falco peregrinus Endangered - New York
Endangered - Vermont
Susceptible - Quebec

King rail Rallus elegans Threatened - New York

Piping plover Charadrius melodus Endangered - New York
Endangered - Federal
Threatened - Quebec

Upland sandpiper Bartramia longicauda Threatened - New York
Threatened - Vermont

Common tern (p) Sterna hirundo Endangered - Vermont
Threatened - New York

Least tern (p) Sterna antillarum Threatened - New York

Black tern (p) Chlidonias niger Threatened - Vermont
Endangered - New York

Short-eared owl Asio flammeus Endangered - New York
Table VI-7 (continued).
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Common Name Scientific Name Status

Sedge wren Cistothorus platensis Threatened - New York
Threatened - Vermont
Susceptible - Quebec

Loggerhead shrike Lanius ludovicianus Endangered - New York
Endangered - Vermont
Threatened - Quebec

Grasshopper sparrow Ammodramus savannarum Threatened - Vermont
Susceptible - Quebec

Henslow’s sparrow Ammodramus henslowii Endangered - Vermont
Threatened - New York
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VII.  ENVIRONMENTAL CONSEQUENCES

A.  Alternative 1.  Initiate an Extensive, Integrated, Long-term Control Program for      
 Sea Lamprey in Lake Champlain.  (Proposed Action)

1.  Adverse Impacts

a.  Water

Stream Lampricide (TFM or TFM/Niclosamide) Treatments  

Several potential temporary water impacts associated with tributary lampricide treatments
under the Proposed Action can be expected.  These include the potential for temporary
exposure to public and private water supply systems, domestic wells, public beaches,
livestock watering and irrigation systems. 

Rhodamine WT dye studies were conducted on the 13 tributaries proposed for treatment
during the experimental program to predict the potential for exposure of TFM to water
supplies (Laible and Walker 1987; Myers 1987a, 1987b; Neuderfer 1989).  The dye studies
by Myers (1987a, 1987b) and transport modeling by Laible and Walker (1987) were aimed
at providing a basis for predicting the potential for contamination of municipal and private
water intakes and bathing beaches in the event of TFM treatments.  These studies concluded
that water supply intakes located downstream of the TFM application points in the streams
will be exposed to treatment or diluted levels of TFM and components of the TFM
formulation for periods generally less than 24 hours.  It was also found that similar intakes
in Lake Champlain within a radius ranging from 0.5 to 4.0 miles from the mouths of treated
streams except for the Poultney River, could be exposed to very dilute concentrations of
TFM (20 ppb [0.02 ppm] or greater) and other components of the TFM formulation.  TFM
concentrations of 20 ppb or greater were estimated to extend 20 miles north of the outlet
of South Bay (see FEIS page 28).

Water supply impacts were minor, temporary and successfully mitigated, and no municipal
water supply was exposed to lampricides during the experimental program.  An inventory of
public water systems with intakes in Lake Champlain and expected impacts from lampricide
treatments under the Proposed Action is presented in Table VII-1.  There is potential for
low-level exposure to the Phillipsburgh, Quebec water system if lampricides are applied in
the Pike River system (Gary Neuderfer, NYSDEC, Avon, New York, unpublished data). 
Household and agricultural water supply intakes located downstream of TFM application
points as well as those intakes in Lake Champlain near the mouths of the treated tributaries
were exposed to treatment or diluted levels of TFM and components of the TFM
formulation.  See Section VII.A.2. for mitigating measures.  
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There is some potential for a few domestic wells or infiltration galleries to be exposed to
TFM treated water although this risk is small.  An analysis by James Garry, Senior
Engineering Geologist, NYSDEC concludes that "few, if any, domestic wells will be
affected by the lampricide treatment program.  Only those shallow wells located within
approximately 30 feet of the areas treated or exposed to lampricide face any risk of
contamination given worst case variables."  This was supported by results of a Rhodamine
WT dye study done on Cayuga Inlet, New York (Jolliff et al. 1983).  No traces of
lampricides were detected in the Ausable Point State Campground well system during TFM
treatments of the Ausable River and Little Ausable River in 1990 and 1994 (Robert Bauer,
NYSDEC, Avon, New York, personal communication).  No domestic wells were exposed
during the Lake Champlain experimental program.

Public and private bathing beaches located downstream of the TFM application points and
within the TFM plume area in the lake will be briefly exposed to treatment or diluted levels
of TFM and other components of the TFM formulation.  An inventory of public beaches on
Lake Champlain and expected impacts from lampricide treatments under the Proposed
Action is presented in Table VII-2.  During the experimental program, use of seven public
beaches associated with treatments of three streams was restricted until water use
advisories were lifted (Table VII-2).  

Livestock with access to treated streams will be briefly exposed to treatment or diluted
levels of TFM and other components of the TFM formulation.  Treated stream water used
for irrigation can damage some agricultural or garden crops (Gilderhus 1990)

The application of TFM or the TFM/niclosamide mixture produces a temporary visual
impact, imparting a pale yellow color to the water that disappears as the treated block of
water passes down each point along the stream.  Riparian water users are advised not to use
TFM-treated water sources until notified that TFM concentrations dissipate below advisory
threshold levels (20ppb).

The Georgia-Pacific Co. paper mill in Plattsburgh, New York, uses a water supply intake
near the mouth of the Saranac River for its paper product manufacturing process.  This
intake was expected to be exposed to TFM through the course of a treatment of the river. 
Prior to the 1991 Saranac River delta Bayluscide treatment, NYSDEC arranged to connect
the Georgia-Pacific plant to the City of Plattsburgh municipal water supply system.  This
connection  successfully mitigated the situation, allowing Georgia-Pacific to temporarily
switch to Plattsburgh city water through the course of the 1991 and 1995 delta Bayluscide
treatments and 1992 stream TFM treatment, and related water use advisory periods, thus
avoiding use of lake water until TFM levels dissipated.  The infrastructure is still in place to
temporarily change the plant’s water source during future Saranac River lampricide
applications.
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In New York, the Putnam Creek water supply for the Essex County Fish Hatchery was
exposed to treatment levels of TFM in 1994.  TFM was applied downstream of the hatchery
intake during a 1998 treatment of Putnam Creek, eliminating the impact.

Some wetlands may be exposed to lampricides during treatments.  Gruendling and Bogucki
(1986) used the dye study data from  Myers (1987a) to predict area and duration of
exposure of wetlands to TFM.  Streams were selected for the wetland exposure study on the
basis of their size and proximity to wetlands and included the Great Chazy, Saranac, Boquet,
Little Ausable and Ausable Rivers, Lewis and Putnam Creeks and Beaver Brook.  Late
spring or midsummer plumes were traced with both being done on the Saranac River to
confirm the effect of differential stream/lake temperatures on plume behavior.  An
exception was Beaver Brook, which was conducted in October.  See additional discussion
under Mitigating Measures (Section VII.A.2.).  

 The potential use of the TFM/niclosamide combination to treat larger tributaries is
expected to cause water impacts similar to those of TFM alone.  Since treatments using the
combination can reduce the total amount of lampricide required for effective sea lamprey
control by up to 50 percent (see Section IV.A.), the lower TFM concentration may dissipate
to below threshold levels more rapidly, thus potentially shortening the time period that
water use advisories are imposed.  The niclosamide portion should not significantly affect
water impacts since it comprises only 0.5 percent to 2.0 percent of the combination and
readily binds to sediments before degrading (EPA 1999). 

Under the Proposed Action, tributaries not included in the experimental program which
may be proposed for lampricide treatment in the future may impact additional water users;
however, unique or problematic water impact situations are not anticipated.  Rhodamine
WT dye studies similar to those described above will be conducted on these streams to
determine the extent of potential water use impacts prior to obtaining permits to implement
treatments.  
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Table VII-1.  Inventory of public water supply systems with intakes in Lake Champlain or its tributaries, impacts and mitigation during lampricide
treatment.a

State/
Province Lake Basin Name of System Town Impact

Treatment
Stream Mitigation

New York Main Lake Rouses Point Village Champlain No

B. Porter Reed Beekmantown No

Ausable Point State Campsiteb Ausable No

Corlear Bay Club Water Supplyb Chesterfield No

Willsboro Bay Water Supply Willsboro No

Willsboro Water District #2 Willsboro No

Essex Water Supply Essex No

Crater Club Water Supplyb Essex No

South Lake Essex County Fish Hatchery Crown Point Yes Putnam Creek Apply lampricides
downstream of Hatchery

Vermont Main Lake Alburg Village Water System Alburg No

Alburg Spring Water Alburg No

Terry Lodgeb Isle La Motte No

Ruth Cliffe Lodge and Resortb Isle La Motte No

St. Annes Snack Barb Isle La Motte No

Lakehurst Campgroundb Isle La Motte No

Bow & Arrow Mobile Home Pk. North Hero No

Grand Isle Fire District #4 Grand Isle No
a Based upon Laible and Walker 1987; Myers 1987a,1987b; Neuderfer 1989.
b Non-municipal and/or seasonal systems.
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Table VII-1 (continued).

State/
Province Lake Basin Name of System Town Impact

Treatment
Stream Mitigation

Vermont Main Lake Grand Isle Consolidated Grand Isle No

Ed Weed Fish Culture Stationb Grand Isle No

South Hero Fire District #4 South Hero No

Burlington Water Res. Burlington No

Champlain Water District Shelburne No

Thompson Point Association Charlotte No

Point Bay Marina Charlotte No

Vergennes Panton Water District Panton No

Tri-Town Water District Addison No

Malletts Bay Marble Island Resortb Colchester No

Brown Ledge Camp b South Hero No

Allen Point Water System South Hero No

Camp Skylandb South Hero No

Inland Sea Appletree Bay Resortb South Hero No

Sandbar State Parkb Milton No

Kill Kare State Parkb St. Albans No

Burton Island State Parkb Milton No

St. Albans Water Department St. Albans No
a Based upon Laible and Walker 1987; Myers 1987a,1987b; Neuderfer 1989.
b Non-municipal and/or seasonal systems.
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Table VII-1 (continued).

State/
Province Lake Basin Name of System Town Impact Treatment Stream Mitigation

Vermont Swanton Village Water Swanton No

Alburg Springs Water Company Alburg No

North Hero Water System North Hero No

Coopers Mobile Home Parkb Grand Isle No

Missisquoi Bay Campbell’s Bay Campgroundb Swanton Possible c Missisquoi River Provide alternative
water, if necessary

Highgate Fire District No. 1

Quebec Missisquoi Bay Phillipsburg Water System Phillipsburg Possible c Pike River/Morpion Stream
Missisquoi River

Provide activated
carbon filtration 

a  Based upon Laible and Walker 1987; Myers 1987a,1987b; Neuderfer 1989.
b  Non-municipal and/or seasonal systems.
c Impacts to be determined prior to implementation of lampricide treatments.
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Table VII-2.  Inventory of public beaches and anticipated impacts during lampricide treatment.a

Name of Beach
Town, 
State/Province Beach Type Impact Treatment Stream

Main Lake

Rouses Point Beach Champlain, NY Community No

Point AuRoche State Park Beekmantown, NY State No

Cumberland Bay State Park Plattsburgh, NY State Yes Saranac R.

Plattsburgh Municipal Beach Plattsburgh, NY Community Yes Saranac R.

Ausable Point State Campsite Ausable, NY State Yes Ausable/L. Ausable R.

Port Douglas Beach Chesterfield, NY Community No

Willsboro Bay Beach Willsboro, NY Community No

Noblewood Park Willsboro, NY Community Yes Boquet R.

Essex Town Beach Essex, NY Community No

Westport Beach Westport, NY Community No

Port Henry Beach Moriah, NY Community No

Bulwagga Bay Beach Moriah, NY Community No

Crown Point Reservation Crown Point, NY State No

Crown Point Village Crown Point, NY Community Yes Putnam Ck.

South Hero Town Beach South Hero, VT Community No

North Beach Burlington, VT Community Possibleb Winooski R.

Wapanaki Burlington, VT Community No

Red Rocks Park Burlington, VT Community No

South Burlington Town Beach South Burlington, VT Community No

Shelburne Town Beach Shelburne, VT Community No

Charlotte Town Beach Charlotte, VT Community No

Ferrisburg Town Beach Ferrisburg, VT Community Yes Lewis Creek

Kingsland Bay State Park Ferrisburg, VT State Yes Lewis Creek

Button Bay State Park Ferrisburg, VT State No

D.A.R. State Park Addison, VT State No

Alburg Dunes State Park Alburg, VT State No
a Based upon Laible and Walker 1987; Myers 1987a,1987b; Neuderfer 1989.
b Impacts to be determined prior to implementation of lampricide treatments.
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Table VII-2 (continued).

Name of Beach
Town, 
State/Province Beach Type Impact Treatment Stream

Malletts Bay

Malletts Bay Beach Colchester, VT Community No

Niquette Bay State Park Colchester, VT State No

Inland Sea Basin

Grand Isle Town Beach Grand Isle, VT Community No

Grand Isle State Park Grand Isle, VT State No

Swanton Town Beach Swanton, VT Community No

St. Albans Town Beach St. Albans, VT Community No

Burton Island State Park St. Albans, VT State No

Kill Kare State Park St. Albans, VT State No

Woods Island State Park St. Albans, VT State No

Isle LaMotte Beach Isle LaMotte, VT Community No

Knight Point State Park North Hero, VT State No

Georgia Town Beach Georgia, VT Community No

Sandbar State Park South Hero, VT State No

Missisquoi Bay

Plage Phillipsburgh Phillipsburg, Quebec Community Possibleb Pike River

Plage Missisquoi Phillipsburg, Quebec Community Possibleb Pike River

Plage Champlain Venise-en-Quebec,
Quebec

Community Possibleb Pike River

Plage Venise Venise-en-Quebec,
Quebec

Community Possibleb Pike River

Plage Miller Clarenceville, Quebec Community Possibleb Missisquoi River
a Based upon (Myers 1987a and 1987b, Laible and Walker 1987, Neuderfer 1989).
b Impacts to be determined prior to implementation of lampricide treatments.

Bayluscide Treatments on Lake Deltas and Selected Stream Sections

Potential water-related impacts from applications of Bayluscide granules on deltas and
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estuarine portions of certain tributaries are limited to low level exposure to water supply
intakes and public beaches.  Private water intakes in the general vicinity of proposed
treatment areas will be exposed to low concentrations of niclosamide (active ingredient)
and other components of the Bayluscide formulation.  Laible and Walker (1987) found no
potential for contamination of municipal water supply intakes from treatments of the five
New York deltas treated during the experimental program.   There was also no potential for
exposure of treated water to livestock  (Sausville et al. 1988).

After Bayluscide application, the sand grains on which the active ingredient is carried will
be left along the bottom of the treated area.  This will amount to approximately 110 pounds
per acre of bottom treated at the required application rate for the 3.2% Granular Sea
Lamprey Larvicide formulation.

In the 1982 treatment of a 101 acre plot in Seneca Lake, New York, the highest
niclosamide concentration measured was 573 ppb and attenuation to the limit of detection,
10 ppb, occurred within 96 hours of application (Ho and Gloss 1987).  Gruendling and
Bogucki (1993a) measured Bayluscide concentrations near the lake bottom from the 1991
treatments of the Little Ausable River delta (75 acres) and the Ausable River delta (250
acres).  Median concentrations from 10 sampling stations in the Little Ausable treatment
area (Figure VII-1) reached 246 ppb three hours after application and persisted at 25 ppb 98
hours after application (Table VII-3).  Median concentrations from 11 sampling stations in
the Ausable treatment area (Figure VII-2) reached  146 ppb six hours after application and
dropped to mainly undetectable levels 70 hours after application (Table VII-4).

Bayluscide applications in the five New York delta areas treated during the experimental
program resulted in impacts to a maximum of 129 households using water from treated
areas, and to public beaches at the Ausable Point State Campsite, Plattsburgh Municipal
Beach and Cumberland Bay State Park as well as some private beaches in the general
vicinity of treated areas.  These impacts were temporary and successfully mitigated.  See
Section VII.A.2. for mitigating measures.  No municipal water intakes, domestic wells or
water used for livestock or irrigation were exposed during the experimental program.     

Under the Proposed Action, Bayluscide may be applied to other deep water larval habitat
areas, including estuarine areas of some tributaries, in addition to the five deltas treated
during the experimental program.  If conducted, these treatments may impact additional
water users; however, unique or problematic water impact situations are not anticipated.

Trapping

Negligible water impacts are expected to result from spawning phase sea lamprey trapping
activities.  
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Figure VII-1.  Little Ausable River delta sampling sites following the 1991 Bayluscide application (From
Gruendling and Bogucki 1993a).
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Figure VII-2.  Ausable River delta sampling sites following the 1991 Bayluscide application (From
Gruendling and Bogucki 1993a).
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Table VII-3.  Concentrations (ppb) of niclosamide from Little Ausable River delta beginning three hours
after the 1991 Bayluscide application.  Water samples taken 0.1m above sediment.  ND = non-detectable
(<10 ppb).  Adapted from Gruendling and Bogucki (1993a).

Site No. 3 hr 6 hr 12 hr 24 hr 48 hr 72 hr 98 hr

1 120.4 122.5 189.6 423.7 145.9 61.4 26.4

2 19.6 31.9 56.4 219.3 46.0 42.7 26.0

3 627.0 304.4 256.9 229.9 120.6 38.5 21.2

4 470.1 645.4 976.2 374.4 118.6 56.8 32.9

5 242.2 504.2 557.5 272.3 93.2 32.2 21.4

6 427.9 475.4 446.4 170.1 119.9 60.3 30.9

7 249.5 248.6 262.8 43.2 ND 26.4 23.1

8 251.4 165.6 176.8 49.9 ND 15.5 15.9

9 61.5 66.8 21.0 27.9 ND ND 17.9

10 117.9 65.7 37.9 70.7 10.4 22.7 27.4

Mean 258.8 263.0 298.2 188.1 65.5 35.6 24.3

Median 246.2 207.1 223.2 194.7 118.6 38.5 24.5

Table VII-4.  Concentrations (ppb) of niclosamide from Ausable River delta beginning three hours after
the 1991 Bayluscide application.  Water samples taken 0.1m above sediment.  ND = non-detectable (<10
ppb).  Adapted from Gruendling and Bogucki (1993a).

Site No. 3.0 hr 6.0 hr 12.5 hr 25.0 hr 46.5 hr 95 hr

11 109.6 19.5 ND ND ND ND

12 316.4 98.3 20.8 ND ND 12.9

13 88.0 146.8 290.7 12.9 ND ND

14 118.8 211.1 133.0 17.9 ND ND

15 71.7 79.0 ND ND ND ND

16 202.3 87.5 26.7 ND 15.6 10.6

17 424.9 383.7 85.9 120.2 59.8 ND

18 124.9 21.8 20.5 ND ND ND

19 100.3 183.2 291.9 15.5 77.9 ND

20 77.3 282.8 ND 38.8 26.4 ND

21 210.2 295.6 21.7 ND ND ND

Mean 167.7 164.5 81.0 18.7 16.3 2.1

Median 118.8 146.8 56.3 17.9 43.1 11.8



2Based on a current TFM formulation containing about 38% TFM and 13% isopropanol and on the maximum allowable concentration
for Putnam Creek the stream potentially requiring the highest treatment concentration due to its higher pH and alkalinity
combination.
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Barriers  

Sea lamprey barrier dams may restrict water flow and/or impound water creating a pooling
effect above the dam.  Depending upon the design and placement of the barrier, the
decrease in water velocity behind a barrier may trap some amounts of sediment, and in
some cases, impounded water may increase in temperature above that characteristic of an
unrestricted stream channel.  Also, the increase of water velocity over the barrier may
cause stream bed scouring directly below the dam.  Where adjustable-crest barriers are
used, these effects are largely limited to the period they are in operation during the sea
lamprey spawning period.  

Following an extensive analysis of low-head barrier dams in the Great Lakes drainage,
Noakes et al. (2000) found that these dams are not large enough to significantly change the
substrate composition of the stream, and do not retain water long enough to greatly affect
stream water temperatures.  The authors concluded that overall, barrier dams do not have
substantial impacts on the physical habitat in streams beyond the small impoundment above
the dam and the plunge pool below. 

Electrical barriers will have no impacts except for the generation of an electrical field
through the water in the immediate vicinity of the barrier.

Temporary and manageable water impacts, including possible temporary increases in
turbidity, may occur as a result of  barrier construction activities.  Installation of access
roads and power transmission lines may cause generally minor impacts to riparian habitat.

b.  Human Exposure

Stream Lampricide (TFM or TFM/Niclosamide) Treatments   

The risk of human exposure to water containing chemical lampricides is generally limited
to exposure by drinking, skin contact, and consuming fish from treated water.  These risks
are temporary, being limited to the time of treatment and a short time thereafter.   

There is a risk for human exposure to water containing up to a maximum of 15 ppm of
TFM, and up to 5.1 ppm of isopropanol through drinking and skin contact2.  Fish in treated
water will absorb muscle tissue levels of TFM approaching water concentrations (Table
VII-5).  Via this route, TFM could be ingested by persons who eat the fish.  However, the
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availability of TFM in fish muscle tissue will decline rapidly once the TFM levels in the
water have dissipated (Table VII-5).  The isopropanol component of the TFM formulation,
if found in fish exposed to this formulation, is expected to be rapidly excreted (NYSDOH
1989).  Isopropanol is volatile and typically is released into the atmosphere (NYSDOH
1989; Engstrom-Heg 1989).   

The amount of niclosamide in a TFM/niclosamide combination is extremely small (0.5-
2.0% of combined active ingredient).  Therefore, the risk for human exposure to significant
levels of niclosamide in treated stream water is extremely low.

Treatment personnel handling concentrated lampricide formulations (TFM or a
TFM/niclosamide mixture) have the greatest risk of exposure, with potential exposure
routes through the skin, eyes and inhalation; however, this risk is minimized by use of
required personal protective equipment. See Section VII.A.1.k. for discussion of adverse
effects on mammals.

Bayluscide Treatments on Lake Deltas and Selected Stream Sections  

There is the potential for human exposure to niclosamide and minor or trace quantities of
the  inert components of the Bayluscide formulation in the areas proposed for treatment
through drinking, bathing and eating fish from treated water for a short time following
treatment.  These risks are temporary, lasting less than 14 days following treatment. 
Muscle residues in rainbow trout and largemouth bass held in cages at the Dresden
treatment plot in Seneca Lake in 1982 reached a maximum of 858 ppb which roughly
reflected water concentrations where the cages were  deployed (Table VII-6; Ho and Gloss
1987).  Those were worst-case exposures, however, since being caged near the lake
bottom, the fish were subjected to heavier exposure than fish 
which were free to swim up or out of the area.  

Because of the high mammalian tolerance to niclosamide (see VII.A.1.k.), the greatest
potential human health threat posed by this formulation may be from the sand grains or dust
being inhaled or getting in the eyes.  Certain persons may suffer reactions to the active
ingredient in the dust from granular formulations.  Dust was not noticeable during the 1982
Seneca Lake Bayluscide treatments.  The Bayluscide 5% granule formulation applied to the
Lake Champlain deltas in  1991 and 1995 did produce noticeable dust, but the new 3.2%
granule formulation is made up of micro-encapsulated grains and is dust-free.  Personnel
handling and applying the chemical wear required personal protective equipment, preventing
exposure (see Section VII.A.2.a.).  
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Trapping  

Spawning-phase sea lamprey trapping activities will have negligible human impacts. 

Barriers  

Human interactions with stream barriers are possible.  Streams navigable by watercraft will
be affected, requiring vessels to be portaged around a barrier.  The risk of human injury is
possible  from contact with any barrier design, by collisions from watercraft, or by walking
or climbing or swimming on or near barriers.   
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Table VII-5.  TFM residue levels in the muscle tissue of seven species of fish after exposure to 1mg/L
TFM for 12 hours and during a 24-hour period in “clean” water (from Sills and Allen 1975).  (ND
indicates TFM was not detected).

Species
Temp.
(BBC)

Water 
Hardness 

(mg. L
CaCO3)

pH

Withdrawal
Interval 

(h)

Muscle Tissue
Concentration

(FFg/g wet
weight)

Rainbow Trout
(Oncohynchus mykiss)

12 40-48 7.2-7.6 0
12
24

0.30
0.01

Brown Trout
(Salmo trutta)

12 40-48 7.2-7.6 0
12
24

0.77
0.13
0.10

Lake trout
(Salvelinus
namaycush)

12 40-48 7.2-7.6 0
12
24

0.11
0.02

<0.01

White bass
(Morone chrysops)

12 40-48 7.2-7.6 0
12
24

0.20
<0.01
<0.01

Largemouth bass a

(Micropterus
salmoides)

18.5 20-22 6.5-6.9 0 
12 
24

0.32
<0.01
<0.01

14 – 6.8 0 
12 
24

0.86
ND
ND

Bluegill
(Lepomis macrochirus)

18.5 20-22 6.5-6.9 0
12
24

0.21
0.04
0.01

Channel catfish
(Ictalurus punctatus)

18.5 40-48 7.2-7.6 0
12
24

0.77
0.01

<0.01
a From Schultz et al. 1979.
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Table VII-6.  Concentrations of niclosamide  (ppb wet wt) in standard fillet samples from caged fish
after Bayluscide  application in Seneca Lake (- indicates no sample taken; <45 indicates trace amount
below quantifiable limit).  The control station was located slightly north of the treatment area (from Ho
and Gloss 1987).

Station

Depth
(meters

from
bottom)

Largemouth bass 
Time post treatment (h)

Rainbow trout
Time post treatment (h)

8 14 24 48 96 168 8 14 24 48 96 168

Control 0 <45 0 0 <45 0 0 <45 <45 <45 0 0 75

1 <45 <45 <45 <45 - 55 0 0 0 0 0 <45

2 0 <45 61 0 - 0 <45 <45 <45 <45 0 0

C 0 52 - 83 0 0 70 46 0 <45 0 <45 0

1 0 75 62 0 0 0 0 0 0 0 <45 <45

2 <45 94 51 0 0 0 0 0 0 0 0 0

D 0 288 151 470 363 106 142 208 217 379 128 <45 0

1 0 356 124 155 162 0 - 268 81 0 0 -

2 109 238 264 181 0 - 116 513 144 89 63 0

G 0 - 367 858 391 780 - - 338 - - - -

1 0 - 322 325 - 118 0 266 301 72 80 -

2 264 <45 71 73 0 0 0 0 85 0 0 -

c.  Wetlands

Stream Lampricide (TFM or TFM/Niclosamide) Treatments  

Prior to implementation of the experimental program, Gruendling and Bogucki (1986)
conducted  a comprehensive investigation of Lake Champlain wetlands associated with 18
tributaries under preliminary consideration for TFM treatment.  They used literature
dealing with  TFM and information from the dye plume studies (Myers 1987a) to assess the
potential of TFM exposure to the wetlands, and drew the following basic conclusions:  

“First, most wetlands along tributaries above the influence of Lake Champlain water
levels (above 102 feet or 31.1 meters) are situated high on the river bank or are
located behind natural levees and have no open water connection with the river
except at high flow.  Second, for those river-level wetlands along tributaries above
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the influence of Lake Champlain the net flow of water is from the wetland to the
river.  These two general conclusions lead to the statement that no wetlands above
the influence of Lake Champlain water levels will be significantly impacted by
lampricide. ... as long as that lampricide will be applied when lake and river levels
are at or below the elevation recorded on the day(s) of field investigation.

The third general conclusion is that only wetlands associated with Lake Champlain
water levels will be exposed to lampricide and the amount of potential exposure is
related to covertype.” 

Forested wetland and scrub shrub would be little or not exposed; emergent wetlands would
be subject to more than marginal exposure only at high lake levels, but not at low lake
levels when flowing river water does not effectively penetrate them.  Aquatic beds would be
subject to exposure at any lake level (Gruendling and Bogucki 1986).

Of the wetlands identified as being subject to exposure, Gruendling and Bogucki (1986)
stated that only a small portion of wetland habitat is inundated at late summer/early fall
water levels, when most treatments are conducted.  Only aquatic beds would be at serious
risk of exposure to treatment level concentrations of TFM.  They identified the Saranac
River, Beaver Brook, Sunderland Brook, Trout Brook and Stone Bridge Brook as having no
wetlands that would be at significant risk of exposure to lampricides.

The streams studied by Gruendling and Bogucki (1986) are summarized with major survey
findings in Tables VII-7, VII-8 and VII-9.  The  wetlands listed in Table VII-7 are under
NYSDEC jurisdiction, and were recently reclassified pursuant to New York State’s wetland
regulations (6NYCRR Part 664); therefore this table reflects the reclassified wetland
designations.  Wetlands in Tables VII-8 and VII-9 are consistent with the Gruendling and
Bogucki (1986) classifications.

Gruendling and Bogucki (1986) reported that in those instances where dye penetrated
emergent and aquatic bed habitats, treatment levels were seldom reached and in most cases
concentrations had dropped significantly within 24 hours.  In general, they indicated
minimal impacts to wetland organisms could be expected from TFM treatments done under
the conditions they recommended, namely moderate lake levels and normal stream flows. 
Those impacts will be addressed below under each of the biota divisions.

Gruendling and Bogucki (1993b) measured TFM concentrations in the Ausable and Little
Ausable River deltas following treatments of these rivers in 1990.  They found little
exposure to emergent wetlands near the mouth of the Ausable River and found low
concentrations of TFM in the emergent wetland fringe area along the Little Ausable delta. 
Concentrations diminished to trace levels within three days.
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Impacts of TFM/niclosamide combinations in wetlands are expected to be similar to those
of TFM.  The relative toxicity to most nontarget organisms (compared to sea lamprey) of
TFM/niclosamide is somewhat similar to or less than that of TFM but overall amounts of
chemical used and concentrations of active ingredients will be substantially lower; thus the
potential for infiltration into wetlands would be somewhat lower than for TFM.  Potential
impacts of stream lampricide treatments on wetland biota are discussed in the following
pages, by taxonomic group (Sections VII.A.1.e. - VII.A.1.k.).

Tributaries with potential to be proposed for lampricide treatment under the Proposed
Action, and which were not included in the Gruendling and Bogucki (1986) analysis will be
assessed for potential impacts to wetlands following their methodology, prior to obtaining
permits for treatment.  These include the Winooski River and LaPlatte River, in particular. 
Wetland impacts are expected to be consistent with those predicted prior to, and observed
during the experimental program. 



111

Table VII-7.  Summary of wetlands under NYSDEC jurisdiction, associated with selected Lake
Champlain tributaries which were determined to be at risk of lampricide exposure in the event of
treatments.  NYSDEC wetlands are those in the state of New York outside of the Adirondack Park
boundary and regulated by NYSDEC.  Wetland designation, classification and characteristics are
consistent with those recorded in NYSDEC files.

Tributary Wetland
Designation

Wetlands
Classification

NYSDEC
Classification

Characteristics a

Comments Total
Potential
Exposure
Area
(acres) c

Great Chazy River CH-9 II 9, 11, 12 High and low level
exposure depending
on lake level 

< 178.5

Saranac River - - - No wetland exposure none

Little Ausable River KV-9 II 9, 11, 26 Potential treatment
level exposure

< 26.9

Ausable River KV-10 II 11, 12, 26, 27 Potential treatment
and low level exposure
depending on lake
level

< 0.3

Poultney River
(New York side)

WH-1 I b Limited low level
exposure

unknown d

WH-2 I b Limited low level
exposure

#0.2

a  NYSDEC classification characteristics numbered above (from 6NYCRR Part 664) are as follows:  9 - Contains two or more wetland
structural      groups.  11 - Associated with permanent open water outside of wetland.  12 - Adjacent or contiguous to streams classified
C(t) or higher under       Article 15 ECL.  26 - Deciduous swamp.  27 - Shrub swamp.  
b  Poultney River classification characteristics were unavailable in database accessible to author.
c   Potential exposure area was determined by Gruendling and Bogucki (1986).  Most Poultney River wetlands would have no area
exposed                under low lake and river levels according to Gruendling and Bogucki (1986).  Exposure areas at higher levels are
unknown, but expected to       be minimal or non-existent under conditions favorable for treatment.
d  Not included by Gruendling and Bogucki (1986).  The characteristics of this wetland are similar to WH-2, thus the exposure area is
expected         to be very small.
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Table VII-8.  Summary of wetlands under APA jurisdiction, associated with selected Lake Champlain
tributaries which were determined to be at risk of lampricide exposure in the event of treatments.  APA
wetlands are those in New York within the Adirondack Park boundary and regulated by the Adirondack
Park Agency.  APA wetland designation, classification and characteristics are consistent with those listed
in Gruendling and Bogucki (1986).

Tributary Wetland
Designation

Wetlands
Classification

Covertype Comments Total
Potential
Exposure
Area
(acres) a

Salmon River 1 III Aquatic bed Potential treatment
level exposure

6.0

Little Ausable River 1 I Forest
Scrub-shrub
Emergent
Aquatic Bed

Potential treatment
level exposure

109.1

Ausable River 2 I Forest
Scrub-shrub
Emergent
Aquatic Bed

Potential treatment
and low level
exposure depending
on lake level

< 26.2

Boquet River 5 I Forest
Scrub-shrub
Emergent

Most area no impact;
potential low level
exposure along river

1.1

Beaver Brook 3 II Forest 
Emergent

Potential low level
exposure in small
emergent zone
adjacent to tributary

0.25

Putnam Creek 1 III Aquatic Bed Potential treatment
and low level
exposure

(included in 3
below)

2 III Aquatic Bed Potential treatment
and low level
exposure

(included in 3
below)

3 I Forest
Scrub-shrub
Emergent
Aquatic Bed

Potential treatment
and low level
exposure

< 30.5
(wetlands 1 - 3

combined)
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Table VII-8 (continued).

Tributary Wetland
Designation

Wetlands
Classification

Covertype Comments Total
Potential
Exposure
Area
(acres) a

Mount Hope Brook 2 I Scrub-shrub
Emergent
Aquatic Bed

Potential treatment
and low level
exposure

(included
below)

3 I Forest
Scrub-shrub
Emergent
Aquatic Bed

Potential low level
exposure in isolated
spots

< 81.0
(wetlands 2

and 3
combined)

a  Potential exposure area was determined by Gruendling and Bogucki (1986). 

Bayluscide Treatments on Lake Deltas and Selected Stream Sections

Some lakeshore wetlands which are associated with deltas proposed for treatment with
Bayluscide granules would be exposed directly or marginally to this lampricide.  Therefore,
the kinds of adverse effects to biota from niclosamide exposure on the deltas are also
essentially the same as those that would occur in the wetlands. 

Of the five river deltas proposed for Bayluscide treatment in the experimental program,
Gruendling and Bogucki (1986) determined that no wetlands would be exposed to
niclosamide  on the Saranac and Ausable River deltas, while most of the aquatic bed
portions of wetlands on the Salmon, Little Ausable and Boquet River deltas would be
exposed to treatment level concentrations.  

Niclosamide concentrations documented during the 1982 treatment of a delta infestation in
Seneca Lake, New York, are summarized in Table VII-10.  The maximum concentration
observed in that treatment was 573 ppb of niclosamide in a sample collected 0.1m (about 4
inches) above the lake bottom.  Other concentrations were lower but varied widely
depending on location and place in the water column.  The data in Table VII-10 were
presented as a basis for predicting the concentrations of niclosamide that could be
expected in the five deltas proposed for treatment in the FEIS.    

Exposure of niclosamide in wetlands was minimal during the experimental program. 
Gruendling and Bogucki (1993a) measured niclosamide concentrations in the Ausable and
Little Ausable River deltas following treatments of these deltas in 1991 and found wetland
exposure limited to the aquatic bed category within the targeted delta areas.  The range of
niclosamide concentrations observed during these treatments (Tables VII-3 and VII-4)
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varied widely, similar to that of  Seneca Lake (Table VII-10).

Deltas or estuarine lower tributary areas that may be proposed for future Bayluscide
treatment, where Bayluscide was not applied during the experimental program, will be
assessed for potential impacts to wetlands prior to implementation of treatment.  Wetland
impacts are expected to be consistent with those predicted prior to and observed during the
experimental program.

Table VII-9.  Summary of wetlands under Vermont Agency of Natural Resources  jurisdiction,
associated with selected Lake Champlain tributaries which were determined to be at risk of lampricide
exposure in the event of treatments a (Adapted from Gruendling and Bogucki 1986).

Tributary Wetland
Designation

Wetlands
Classification b

Covertype Comments Total
Potential
Exposure
Area
(acres) c

Poultney River
(Vermont side)

- - - No wetland exposure none

Lewis Creek 1 Class Two Forest
Scrub-Shrub
Emergent
Aquatic Bed

Potential treatment
and low level
exposure

(included in 5
below)

2 Class Two Emergent Potential treatment
and low level
exposure

(included in 3
below)

3 Class Two Forest
Scrub-Shrub
Emergent

Potential treatment
and low level
exposure

(included in 3
below)

4 Class Two Forest
Scrub-Shrub
Emergent

Potential treatment
and low level
exposure along
tributary entrance
sites

(included in 3
below)

5 Class Two Emergent Potential treatment
and low level
exposure along
margins only

< 81.0
(wetlands 1 - 5

combined)

a Tributaries that may be proposed for future lampricide treatment under the Proposed Action, and were not included in the
Gruendling and             Bogucki (1986) analysis will be assessed for potential impacts to wetlands following their methodology, prior
to obtaining permits for         treatment. 
b Wetlands classifications are consistent with the Vermont Wetland Rules.
c Potential exposure area was determined by Gruendling and Bogucki (1986).  Poultney River wetlands would have no area exposed
under low         lake and river levels according to Gruendling and Bogucki (1986).  Exposure areas at higher levels are unknown, but
expected to be minimal     or non-existent under conditions favorable for treatment.
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Table VII-9 (continued).

Tributary Wetland
Designation

Wetlands
Classification b

Covertype Comments Total
Potential
Exposure
Area
(acres) c

Malletts Creek/ Indian
Brook

1 Class Two Forest
Scrub-Shrub
Emergent
Aquatic Bed

Potential treatment
and low level in
lower reaches of
tributary 

(included in 5
below)

4 Class Two Forest
Emergent
Aquatic Bed

Potential treatment
and low level
exposure depending
on lake level

(included in 5
below)

5 Class Two Emergent
Aquatic Bed

Potential treatment
and low level
exposure depending
on lake level

< 69.1
(wetlands 1, 4

and  5
combined)

Trout Brook - - - No wetland exposure none

Stone Bridge Brook - - - No wetland exposure none

Youngman Brook 1 Class Two Forest
Scrub-Shrub
Emergent
Aquatic Bed

Potential treatment
and low level
exposure

34.4

Missisquoi River 1 Class Two Forest
Scrub-Shrub
Emergent
Aquatic Bed

Potential treatment
and low level
exposure near mouth
and along shoreline

(included in 9
below)

a Tributaries that may be proposed for future lampricide treatment under the Proposed Action, and were not included in the
Gruendling and             Bogucki (1986) analysis will be assessed for potential impacts to wetlands following their methodology, prior
to obtaining permits for            treatment. 
b Wetlands classifications are consistent with the Vermont Wetland Rules.
c Potential exposure area was determined by Gruendling and Bogucki (1986).  Poultney River wetlands would have no area exposed
under low        lake and river levels according to Gruendling and Bogucki (1986).  Exposure areas at higher levels are unknown, but
expected to be minimal        or non-existent under conditions favorable for treatment.
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Table VII-9 (continued).

Tributary Wetland
Designation

Wetlands
Classification b

Covertype Comments Total
Potential
Exposure
Area
(acres) c

Missisquoi River 2 Class Two Forest
Scrub-Shrub
Emergent
Aquatic Bed

Potential treatment
and low level
exposure along river
in lower reaches, and
along shoreline

(included in 9
below)

3 Class Two Forest
Scrub-Shrub
Emergent
Aquatic Bed

Potential treatment
and low level
exposure along river
in lower reaches, and
along shoreline

(included in 9
below)

4 Class Two Forest
Scrub-Shrub
Emergent
Aquatic Bed

Potential treatment
and low level
exposure along river
in lower reaches, and
along shoreline

(included in 9
below)

5 Class Two Scrub-Shrub
Emergent

Limited potential
low level exposure

(included in 9
below)

8 Class Two Forest
Scrub-Shrub
Emergent
Aquatic Bed

Potential treatment
and low level
exposure in lower
reaches only

(included in 9
below)

9 Class Two Forest
Emergent
Aquatic Bed

Potential treatment
and low level
exposure in lower
reaches only

337.4
(wetlands 

1 - 5,
8 and 9

combined)
a Tributaries that may be proposed for future lampricide treatment under the Proposed Action, and were not included in the
Gruendling and             Bogucki (1986) analysis will be assessed for potential impacts to wetlands following their methodology, prior
to obtaining permits for       treatment. 
b Wetlands classifications are consistent with the Vermont Wetland Rules.
c Potential exposure area was determined by Gruendling and Bogucki (1986).  Poultney River wetlands would have no area exposed
under low        lake and river levels according to Gruendling and Bogucki (1986).  Exposure areas at higher levels are unknown, but
expected to be minimal or    non-existent under conditions favorable for treatment.
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Trapping  

Spawning-phase sea lamprey trapping activities will have no impact in wetlands.

Barriers  

Fixed-crest barriers impounding water may inundate portions of wetlands and may create
new wetlands.  Impacts from adjustable-crest barriers will be seasonal and temporary,
occurring during times the barrier is operational (actively preventing lampreys from
upstream movement) and during times of high flows.  Most configurations of electrical
barriers would have no impact on wetlands unless installed in conjunction with fixed or
adjustable-crest barriers or other 
channel-constricting structures.  

If unacceptable flooding effects are predicted to occur upstream of an adjustable crest
barrier at a particular water elevation, the barrier controls can be programmed to drop the
crest to an acceptable level, then relying on the high water velocity to block spawning-phase
sea lamprey passage.  This tradeoff may increase the risk of sea lamprey passing over the
barrier, however.  At very high flows, the downstream tailwater will approach the barrier’s
headwater elevation, causing the influence of the barrier on restricting stream flow to
diminish (Ellie Koon, USFWS, Ludington, Michigan, personal communication).
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Table VII-10.  Concentrations (ppb) of niclosamide in lake water samples collected from treatment areas in Seneca Lake following a control
application (numerical values are distances above substrate in m, S = water surface, M = mid-depth).  Area treated = 101 acres (roughly 1000 m
on N-S Axis, 400 m on W-E Axis).  Detection limit in water is >10 ppb.  Adapted from Ho and Gloss 1987. 

Time Post Treatment (h)

Station Depth 0.5 1.0 1.5 2.0 2.5 3.0 4.0 5.0 6.0 12.0 18.0 24.0 48.0 72.0 96.0

  A

N. Boundary
Depth 4.5 m

S 63 17 22 43 29 53 51 123 46 46 18 18 0 0 0

M 0 0 19 16 18 19 11 30 31 0 18 10 0 0 0

1.00 0 0 14 17 26 31 30 49 51 10 0 9 0 0 0

0.50 0 0 13 29 21 31 38 51 103 10 0 13 0 0 0

0.25 0 0 13 30 23 47 33 283 108 10 0 15 0 0 0

0.10 0 0 13 23 33 60 52 321 144 0 0 15 0 0 0

  B

100 m S. of 
Station A
Depth 3.2 m

S 44 31 26 39 27 56 113 123 93 59 26 24 0 0 0

M 28 31 20 37 22 30 31 35 32 10 26 39 0 0 0

1.00 40 34 39 50 38 44 26 27 96 10 0 38 0 0 0

0.50 23 36 62 80 106 61 47 75 152 0 0 38 0 0 0

0.25 - 35 40 114 193 72 64 132 133 13 13 40 0 0 0

0.10 23 48 107 175 131 117 115 141 148 16 13 45 0 0 0

  C

N.E. Corner
Depth 4.5 m

S 16 26 27 11 19 40 22 102 132 36 24 13 11 0 0

M 16 14 27 0 0 0 0 17 0 0 0 0 0 0 0

1.00 22 16 13 7 12 7 0 0 0 0 0 0 0 0 0

0.50 27 23 27 11 13 8 8 0 0 0 0 0 0 0 0

0.25 42 41 28 10 18 10 16 9 14 0 0 0 0 0 0

0.10 46 46 50 - 23 18 20 11 14 0 0 0 0 0 0
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Table VII-10 (continued). 

Time Post Treatment (h)

Station Depth 0.5 1.0 1.5 2.0 2.5 3.0 4.0 5.0 6.0 12.0 18.0 24.0 48.0 72.0 96.0

  D

Center
Depth 2.5 m

S 28 20 18 13 22 19 39 26 30 49 32 57 14 0 0

M 17 13 17 11 18 13 27 15 70 108 0 0 - - 0

1.00 28 30 16 9 18 11 79 152 78 65 0 0 11 0 0

0.50 33 137 16 65 112 58 62 148 137 60 0 0 11 0 10

0.25 52 139 135 97 130 50 92 147 131 60 14 0 16 0 10

0.10 118 168 176 92 138 - 109 147 127 54 14 0 16 10 10

  E

Center
Boundary
Depth 3.0 m

S 0 - 25 11 0 0 0 0 0 30 24 87 12 0 0

M 0 28 34 13 0 0 0 0 0 0 0 0 0 0 0

1.00 18 19 18 0 11 0 0 0 0 0 0 0 0 0 0

0.50 16 16 15 0 0 0 0 0 0 0 0 0 0 0 0

0.25 17 0 13 0 0 0 0 0 0 0 0 0 0 0 0

0.10 16 0 15 0 0 0 0 0 0 0 0 0 0 0 0

  F

Near West-Center
Shoreline
Depth 1.0 m

1.00 32 107 303 256 341 334 416 420 345 309 103 74 26 9 0

0.50 23 59 146 206 276 320 266 279 204 131 112 66 26 9 0

0.25 32 131 235 207 279 256 269 265 200 150 130 108 0 9 0

0.10 72 248 267 228 293 262 244 275 219 149 133 112 24 9 0



120

Table VII-10 (continued). 

Time Post Treatment (h)

Station Depth 0.5 1.0 1.5 2.0 2.5 3.0 4.0 5.0 6.0 12.0 18.0 24.0 48.0 72.0 96.0

  G

200 m South
of Center
2.6 m

S 0 0 0 0 0 0 0 0 0 109 31 25 13 0 0

1.00 0 0 12 14 36 10 12 0 0 70 83 32 12 0 0

0.50 20 38 39 60 131 164 11 0 24 207 72 52 15 8 0

0.25 30 52 89 69 460 182 14 0 99 250 82 49 18 0 0

0.10 39 35 461 556 573 228 23 0 21 252 81 47 20 14 0

  H

South
Boundary
Depth 2.5 m

S 0 0 0 0 0 0 0 0 0 155 25 12 0 -

1.00 0 0 0 0 0 0 0 0 0 157 202 44 15 0 0

0.50 0 0 0 0 0 0 0 0 0 359 155 124 13 8 0

0.25 21 13 0 0 0 0 0 0 0 363 98 18 8 0

0.10 55 97 0 42 0 10 0 0 0 386 115 99 20 14 0

  I

250 m South
of South Boundary
Depth 2.5 m

0.00 0 0 0 0 0 0 0 0 0 22 15 0 0 0

1.00 0 0 0 0 0 0 0 0 0 0 33 16 0 0

0.50 0 0 25 0 0 0 0 0 0 0 116 80 19 0 0

0.25 0 0 0 0 0 0 0 0 0 13 93 99 20 0 0

0.10 0 0 0 0 0 0 0 0 0 13 102 107 18 0 0
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d.  Endangered and Threatened Species

1.  Plants 

No threatened or endangered plant species are expected to be adversely impacted by
lampricide treatments or spawning-phase trapping.  There is some potential for
construction of certain barriers to impact some plants (see Section VII.A.1.c.) but no
threatened or endangered plant species are known to be present near potential barrier sites.

2.  Invertebrates 

Stream Lampricide (TFM or TFM/Niclosamide) Treatments  

Mussels are the only listed threatened or endangered invertebrates found in potential sea
lamprey control areas.  Seven of the eight Vermont-listed mussel species (Table VI-2)
inhabit certain Vermont tributaries or delta areas which may be subject to sea lamprey
control under the Proposed Action (Table VI-3).  The other species, eastern pearlshell,
exists only upstream of sea lamprey barriers in the Winooski River and Lewis Creek
drainages in Vermont’s portion of the Lake Champlain basin, and thus will not be affected
by sea lamprey control in Vermont.  The relative toxicity of TFM and/or TFM/1%
niclosamide to mussels including three Vermont-listed species is discussed in Section
VII.A.1.f..  These toxicity data indicate that stream treatment concentrations up to 1.3 times
MLC will have negligible impacts on each of these species. 

Bayluscide Treatments on Lake Deltas and Selected Stream Sections 

Bayluscide applications may cause more substantial mussel mortality.  A full discussion of
lampricide impacts on mussels is included in Section VII.A.1.f..

Trapping  

Spawning-phase sea lamprey trapping activities will have negligible impact on endangered
and threatened mussels.

Barriers 

Barriers are not expected to have significant adverse impacts on threatened and endangered
mussels; however, their reproduction and recruitment above barriers could potentially be
affected if they depend upon fish hosts which are only seasonally available upstream of
barrier sites, and barriers prevent fish passage.  Permanent low-head barrier dams may
potentially lead to loss of riverine mussel habitat immediately behind the dam.  Noakes et
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al. (2000) found that low-head barriers do not have substantial impacts on the physical
habitat in streams beyond the small impoundment above the dam and the plunge pool just
below. 

3.  Fish

Stream Lampricide (TFM or TFM/niclosamide) Treatments  

Northern brook lamprey (E-VT) and American brook lamprey (T-VT) are most vulnerable
to mortality from stream lampricide treatments (Schuldt and Goold 1980).  The stonecat
(E-VT) is also sensitive to TFM, and some mortality occurs at most concentrations
necessary for effective sea lamprey control.  Substantial numbers of stonecat mortalities
were recorded in four treated tributaries in New York (where they are not protected),
particularly in the Great Chazy River (Fisheries Technical Committee 1999).  It is likely
that stonecats will be significantly impacted if lampricides are applied to the LaPlatte
River, which contains Vermont’s only known stonecat population.  The effects of
lampricides on these species are discussed in detail in Section VII.A.1.g.

Certain stages of juvenile lake sturgeon (T-NY, E-VT) are known to be very sensitive to
lampricides (Johnson et al. 1999).  This is discussed in detail in SectionVII.A.1.g.  Juvenile
sturgeon have not been documented to inhabit any of the proposed treatment areas
(Anderson, J. K. 1986; Bouton 1986), but the potential for lake sturgeon reproduction
exists in the Winooski and Missisquoi Rivers, based on presence of adults in the river
during the spring spawning period; therefore, impacts of lampricide on sturgeon need to be
considered and mitigated. 
 
The eastern sand darter (T-NY, T-VT) is moderately tolerant of TFM at treatment
concentrations based on a series of TFM toxicity studies (Neuderfer 1987, 2000a;
MacKenzie 1991, 1995).  The channel darter (E-VT) is more sensitive to TFM than the
eastern sand darter, but also appears to be tolerant of concentrations at or slightly above the
sea lamprey MLC (Neuderfer 2000b and 2001).  Impacts of lampricides on these and other
darter species are discussed in detail in SectionVII.A.1.g.

Mooneye (T-NY) is not known to inhabit areas which may be treated under the Proposed
Action, but does inhabit areas within water use advisory zones in the South Lake basin. 
Exposure of lampricides in these areas would be limited to greatly reduced concentrations,
and no impacts are expected.  No impact on mooneye was documented during the
experimental program.
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Bayluscide Treatments on Lake Deltas and Selected Stream Sections

Northern brook lamprey are susceptible to niclosamide, but are not found in the areas
proposed for Bayluscide treatments, and thus will not be affected.  American brook
lamprey mortalities were noted following Bayluscide applications on New York’s Ausable
River and Salmon River deltas (where they are afforded no statutory protection) during the
experimental program. American brook lamprey were not known to inhabit river delta areas
prior to these treatments (Fisheries Technical Committee 1999).  Granular Bayluscide
application is not a proposed sea lamprey control method in Vermont waters containing
endangered or threatened lamprey species.

In the unlikely event that lake sturgeon or mooneyes were present on a delta during a
treatment, they would likely escape the effects of the chemical by swimming away from the
chemical.  These species were not observed in delta surveys conducted by Bouton (1986).  

Trapping

Northern and American brook lamprey are present in small streams proposed for spawning-
phase sea lamprey trapping as a supplemental means of control.  Instream  movements of
brook lamprey and other fish may be affected by trapping equipment, but most brook
lamprey are small enough to swim through the mesh of these traps and will not be captured. 
Those brook lampreys that may be captured in traps are usually alive and can be released
unharmed.

Barriers  

Impacts to fish by barriers primarily include the blocking of fish migrations (Noakes et al.
2000).  Several streams in Vermont deemed potentially suitable for barriers as a means of
sea lamprey control contain Vermont-listed fish species.  These include Indian Brook and
Malletts Creek (northern brook lamprey), and Sunderland, Trout and Youngman Brooks
(American brook lamprey).  Impacts of barriers on fish are discussed in more detail in
Section VII.A.1.g.

4.  Amphibians 

No threatened or endangered amphibian species are known to exist in proposed treatment
areas.

5.  Reptiles 

Species under special protection include the Blanding's turtle (T-NY), timber rattlesnake
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(T-NY, E-VT), five-lined skink (E-VT), spiny softshell turtle (T-QC, T-VT) and map turtle
(S-QC).  None of these species are expected to be affected by use of lampricides either
because they are tolerant (see Section VII.A.1.i.) and/or they will not be subject to
exposure because they are not likely to be present in the treatment areas.  These species
also are not found in or near streams proposed for potential trapping activities or control
with barriers. 

6.  Birds

None of the birds listed as threatened or endangered will be affected directly by use of
lampricides, trapping or barriers.  Birds are tolerant of lampricides, and treatments could
cause minor and temporary reductions in fish and invertebrates which serve as food
supplies for birds such as the common loon, osprey, bald eagle, common tern and least
tern.  However, the mobility of these birds would tend to render such effects of little
consequence.  See additional discussion in VII.A.1.j.

7.  Mammals 

None of the special status mammals are expected to be affected by exposure to lampricides
because of the high tolerance of mammals to TFM and niclosamide.  Potential for exposure
to the lampricides is very small for some (i.e., marten and Indiana bat) because of their
distribution or habits.  These species also will not be affected by other control methods
under the Proposed Action.  See VII.A.1.k. for further discussion.

e.  Plants

Stream Lampricide (TFM or TFM/niclosamide) Treatments  

Analyses of adverse effects on plants from TFM treatments show a 50 percent reduction in
growth of algae and a 5-10 percent reduction in growth of some submerged macrophytes
(NRCC 1985).  These effects are not significant since they will cease as the lampricide
block passes.  

TFM was once patented as an herbicide but required 15-25 ppm in standing water and 100
ppm in flowing water to control common aquatic plants such as Anacharis or Ceratophyllum
(Gilderhus and Johnson 1980).  Effects at lower concentrations used for sea lamprey
control are minor and temporary.  Maki et al. (1975), did 96-hour LC50 tests (concentration
in which 50% of test organisms died after 96 hours of continuing exposure) with 10
species of algae.  This resulted in no mortality at up to 30 mg/L (roughly equivalent to
ppm).  However, inhibition of growth up to 50 percent occurred at normal sea lamprey
treatment levels of TFM with diatoms being most sensitive and blue-green algae most
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tolerant.  Normal growth resumed once TFM disappeared.  Maki and Johnson (1976) found
a 5 percent to10 percent reduction in growth in Elodea and Myriophyllum during a treatment-
level exposure to TFM.  

Recent studies (Scholefield et al. 1999) found that algae cultures exposed to TFM
concentrations typical of those levels used to control sea lamprey in streams showed minor
changes in pH (<0.1) and small reductions in dissolved oxygen (about 8% in lighted
conditions and 11% in dark conditions).  There are probably less effects on higher plants
because of their increased resistance to material uptake through water contact.  Gruendling
and Bogucki (1986) inferred the same basic impacts to wetland flora based on the dye
plume studies.  These were also the conclusions from the DEC Adjudicatory Hearing on
sea lamprey control in Cayuga Lake (Marsh and O'Connor 1986). 

The effects in wetlands are expected to be less than noted above because the exposure
levels indicated by the plume studies seldom reached treatment concentrations, and those
had dropped significantly within 24 hours (Gruendling and Bogucki 1986).  Gruendling and
Bogucki (1993b)   found little TFM exposure in emergent wetlands near the mouth of the
Ausable River and found low concentrations of TFM in the emergent wetland fringe area
along the Little Ausable delta after treatments of these tributaries in 1990 (see also Section
VII.A.1.c.).  Furthermore, the impact on plant production will be minimal in the case of fall
treatments when activity by most plants is naturally in decline, or in the spring before
significant growth occurs.  

Irrigating agricultural fields or spraying gardens with TFM-treated water may result in
damage to certain cultivated crops.  Gilderhus (1990) noted severe damage to young
cucumber and cantaloupe plants, and minor leaf spotting on young green bean and tomato
plants following irrigation for 12 hours with water containing 10 mg/l of TFM; no effects
on lettuce, radish, sweet corn and potato were evident in this test.   

The adverse effects on plants that can be expected from proposed TFM/niclosamide
treatments will be similar to or less than the TFM impacts described above since lower
concentrations of the combination are applied. 

Bayluscide Treatments on Lake Deltas and Selected Stream Sections
 
Based on the available evidence, there will be no significant effect on plants from the
proposed Bayluscide treatments, including those in the wetlands that are likely to be
exposed.  Schiff and Garnett (1961)  reported a severe setback of Chara exposed to 1,000
ppb of niclosamide.  However, Abdalla and Nasr (1961) found that up to 5,000 ppb did not
harm aquatic vegetation.  Farringer (1972) found a 50 percent suppression of algal
(Chlamydomonas and Chlorella) growth as the only effect of 50,000 ppb.  Gilderhus and
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Johnson (1980), concluded that aquatic vegetation would not be substantially affected by
treatment-level concentrations of niclosamide.  Gruendling and Bogucki (1986) reached
the same general conclusion.  Assuming a maximum measured concentration of 976 ppb
and treatment area median concentrations of less than 250 ppb from experimental program
treatments of the Ausable and Little Ausable Rivers (Tables VII-3 and VII-4, respectively),
further Bayluscide treatments should be relatively benign to plants. 
 
Trapping  

No adverse effects on plants are anticipated from trapping.

Barriers 

No adverse effects on plants are anticipated from use of barriers, other than minor site
disturbance during construction.  Small impoundments created above permanent low-head
barriers may favor increased growth of aquatic and wetland vegetation and some loss of
riparian vegetation.

f.  Invertebrates

Stream Lampricide (TFM or TFM/niclosamide) Treatments   

The following adverse impacts of stream lampricide treatments on aquatic invertebrates
were noted in the FEIS:  (1)  Substantial losses of aquatic worms and eropdellid leeches
will occur; (2)  The blackfly family Simuliidae is sensitive and significant losses would
occur in many streams, while most other Diptera are resistant; (3)  The mayflies Hexagenia
and Litobrancha could suffer substantial losses while Cloeon, Pseudocloeon, Baetis and
Isonychia could suffer lesser losses and most other mayflies would not be significantly
affected; (4)  The caddisflies Chimarra, Dolophilodes and Glossosoma are likely to suffer
heavy losses while most other caddisflies will not be significantly affected; (5)  Snails and
mussels are generally intermediate in sensitivity but minor losses have been reported in
some Great Lakes treatment summaries.  The magnitudes and durations of these potential
impacts are further discussed below.

Static TFM toxicity tests on a wide range of aquatic invertebrates were performed by Smith
(1967), who concluded that hydras (Coelenterata), turbellarian worms, erobdellid leeches,
blackfly larvae (Simuliidae) and nymphs of burrowing mayflies Hexagenia would suffer
significant mortality at concentrations required to kill 100 percent of sea lampreys. 
Organisms unaffected or not significantly affected included glossiphoniid leeches; isopods
Asellus, scuds Gammarus, and crayfish Cambarus; stoneflies Paragnetina, Chloroperla, and
Isoperla; dragonflies Ophiogomphus and Gomphus; giant waterbugs Lethocerus and
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waterboatmen (Corixidae); non-burrowing mayflies Ephemerella, Stenonema, and Isonychia;
caddisflies Triaenodes, Chematopsyche and Hydropsyche; bloodworms (Tendipedidae), snipe
flies Atherix; snails Physa and clams (Unionidae).  Maki et al. (1975) performed continuous
flow toxicity tests to determine the effects of TFM on 35 benthic macroinvertebrate taxa. 
In addition to the organisms tested by Smith (1967), they found that TFM could cause
significant mortality to annelid worms, caddisflies Chimarra and mayflies Baetis and
Cloeon.  Moderately to highly resistant taxa tested by Maki et al. (1975), in addition to
those in Smith (1967) included mayflies Baetisca, Paraleptophlebia and Tricorythodes;
stoneflies Acroneurla and Pteronarcys;  caddisflies Brachycentrus, Lepidostoma, Limnephilus,
and Macronemum; dobsonflies Chauliodes; and dipterans Pecidia and Chrysops.  

The effects of lampricides on the burrowing mayfly Hexagenia limbata has been of
particular interest in both the Great Lakes and Lake Champlain basins due to apparent
declines in abundance of this species observed in these and other waters in the 1970s and
1980s.  Bills et al. (1985) performed a series of 24-hour static laboratory toxicity tests
using soft water on eggs, newly hatched nymphs and larger size classes of nymphs of this
species.  The egg stage was most resistant to TFM, and sensitivity increased with time after
hatching; nymphs from 16 to 27 mm long were two to three times more sensitive than
nymphs 7 mm long.  Tests with a TFM/2% niclosamide  mixture yielded similar size-
selective results.  Niclosamide alone had little effect on any of the life stages at
concentrations of up to 0.4 mg/L for 24 hours.  In this same study, groups of the largest
(most sensitive) nymphs (averaging 25 mm long) were exposed to four concentrations each
of  TFM, TFM/2% niclosamide, and niclosamide alone for periods of 6, 9, 12, or 24 hours. 
All of the nymphs were killed at TFM concentrations of 5 mg/L at 9 hours, and 60 percent
mortality was found at 2.5 mg/L for 12 hours; mortality was similar for the same
concentrations of the TFM/niclosamide combination (Table VII-11).  For comparison, the
predicted sea lamprey MLC for the test water chemistry parameters (total alkalinity=30-35
mg/L CaCO3 and pH=7.2-7.6) would range from 0.4 to 0.6 mg/L of TFM, or 0.2 to 0.3
mg/L of TFM/niclosamide (Appendix D).  The authors also found that burrowed nymphs
were twice as resistant to TFM than free-swimming nymphs, and most burrowed nymphs
remained burrowed, except at higher concentrations.

A series of field studies were conducted to assess the impacts of Great Lakes stream
treatments on burrowing mayflies (Ephemeridae).  Toxicity tests conducted during the
1982 TFM treatment of the Sturgeon River, Michigan, revealed that Ephemera simulans was
much more resistant to TFM than Hexagenia limbata; 16-hour LC50's were 5.7 mg/l for  E.
simulans and 3.2 mg/l for H. limbata (Daugherty et al. 1984).  Similar results were obtained
for these two species in a static toxicity test conducted in 1985.  An additional burrowing
mayfly genus, Litobrancha, was included in the 1985 test and found to be similar in
tolerance to TFM as was Hexagenia (USFWS, Marquette, MI, unpublished data).  A test
during the 1986 TFM treatment of the Whitefish River, Michigan, found age 1 Hexagenia



128

nymphs to be more than twice as resistant to TFM than age 2 nymphs (USFWS, Marquette,
MI, unpublished data).  The age classes probably correspond to the large and small length
classes of this genus tested in the laboratory by Bills et al. (1985).  

A long-term study to assess the impacts of lampricide treatments on the Hexagenia
population in the East Branch of the Whitefish River was conducted from 1984 through
1993.  This stream received three lampricide treatments during the course of the study
(June 1986, July 1990 and September 1992).  A significant population decline was noted
after the 1986 treatment, but not after the 1990 or 1992 treatments.  Hexagenia populations
were also monitored in untreated control streams during this study.  Population fluctuations
in the control streams were similar to those observed in the treated streams, showing that
natural environmental factors were largely responsible for the population variability, and
that lampricide treatments were a minor factor   (USFWS, Marquette, MI, unpublished
data).

Burrowing mayflies were among nontarget organisms evaluated by on-site flow-through
toxicity tests (pre-treatment simulation and during actual treatment), and pre-treatment and
post-treatment benthic sampling associated with a TFM application to a side channel of the
St. Marys River, Michigan in September 1988 (Weisser et al. 1996).  In the 12-hour pre-
treatment toxicity test, groups of sea lamprey larvae and nontarget organisms were exposed
to 5 TFM concentrations (0.8, 1.1, 1.5, 2.0 and 2.8 mg/L) and a control (0.0 mg/L); 100
percent of tested Hexagenia survived at 2.0 mg/L (the lowest concentration that killed
100% of sea lamprey larvae) and 80 percent survived at 2.8 mg/L.  The second toxicity test
was performed during the treatment, with TFM-treated water pumped directly from the
river for 18 hours after the TFM block reached the test site; the block ranged at or above
the predetermined MLC (1.8 mg/L) to a maximum of 2.1 mg/L for 7 hours, and all the
tested Hexagenia nymphs survived, while all the tested sea lampreys died.  Finally, no
significant changes in abundance of two burrowing mayfly genera (Hexagenia and
Ephemera) were detected from pre-treatment and post-treatment benthic sampling in the
channel (Table VII-12).

Wiant (1986) concluded that the overall density of benthic invertebrates was relatively
unaffected by TFM treatment of Cayuga Inlet, New York in the fall of 1986.  Mean density
of organisms per sample was 117 at four hours before and 114.5 at four days after
treatment.  Major decreases were detected  in abundance of certain Diptera (mainly
Simuliidae and especially Prosimulium and Simulium) and certain Trichoptera (mainly
Philopotamidae and especially Chimarra and Dolophilodes), however.  Species richness
showed a slight decline averaging 17.9 and 15.3 before and after treatment, respectively. 
Net pre- to post-treatment change in the mean number of organisms per sample in each of
four important orders was as follows:  Ephemeroptera (mayflies) - 21% decrease;
Plecoptera (stoneflies) - 7% increase; Trichoptera (caddisflies) - 18% increase; Diptera
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(flies) -22% decrease.

Table VII-11. Percent mortality of large (25 mm long) burrowing mayfly Hexagenia limbata  nymphs
exposed to TFM, TFM/2% niclosamide, and niclosamide in soft water after various periods of exposure. 
From Bills et al. 1985. 

 Chemical
Concentration

mg/L
Exposure Period (h)

6 9 12 24

TFM 0 0 0 0 0

2.5 10 20 60 100

5.0 30 100 100 100

10.0 100 100 100 100

TFM/2% Niclosamide 0 0 0 0 0

2.5 0 0 60 100

5.0 60 100 100 100

10.0 100 100 100 100

Niclosamide 0 0 0 0 0

2.5 0 10 0 10

5.0 20 0 0 10

10.0 10 0 10 0
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Table VII-12.  Average number/m2 and 95% confidence intervals of burrowing mayflies Ephemera and
Hexagenia  collected by benthic sampling (Ekman dredge) before and after a TFM treatment of a side
channel of the St. Marys River, Michigan, on September 21, 1988.  A total of 60 Ekman dredge samples
were collected, 30 each on September 16 and 22.  From Weisser et al. (1996).

Genus Sampling Period Number/m2 95% Confidence Interval

Ephemera Before Treatment 207 74 - 340

After Treatment 198 91 -306

Hexagenia Before Treatment 280 155 - 405

After Treatment 279 192 - 365

Schuldt et al. (1996) found that only 6 of 65 macroinvertebrate taxa held in treated and
control cages during 21 Great Lakes stream TFM treatments were sensitive (survival less
than 90%); these included three caddisflies (Chimarra, Dolophilodes and Glossosoma at 2%,
14% and 31% survival, respectively), the mayflies Litobrancha (36% survival) and
Hexagenia (43% survival
for older nymphs and 96% survival for younger nymphs), and the blackfly Simulium (63%
survival).  The mayflies Isonychia and Baetidae were more susceptible to mortality in six
treatments with higher than normal treatment concentrations (exceeding 1.5 times the
stream MLC for more than 10 hours).  

The long-term effects of such invertebrate losses appear to be minimal (Gilderhus and
Johnson,
1980).  Maki and Johnson (1976) found that community metabolism returned to normal
within 24-36 hours after the treated water passed while Torblaa (1968) found that numbers
or organisms in most study streams had recovered within six weeks after treatment.  In
another study, the adversely affected organisms were found to have recovered seven months
after TFM treatment (Kolton et al. 1986).  Maki (1980) investigated effects of TFM on
species diversity indices and found no significant differences before and after treatment in
natural and model stream systems.  Dubois (1993) found no evidence that repeated TFM
treatments conducted since 1959 in the Brule River drainage, Wisconsin, caused persistent
damage to the aquatic insect community.

Lieffers (1990) studied the effects of a TFM treatment on the macroinvertebrate
community in a previously untreated small stream in a Lake Michigan tributary system.  
Bi-weekly benthic macroinvertebrate samples were collected from April through
September for two years prior to the treatment and from April through October on the year
of the treatment, which occurred in April.  It is notable that much of this stream was
exposed to levels of TFM that were substantially higher than typical stream treatment levels
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in current practice.  The pre-treatment toxicity test determined the sea lamprey MLC to be
4.0 mg/L, but the chemical was applied at a concentration of 14.0 mg/L (3.5 times MLC) to
accommodate increasing downstream flow inputs which would dilute it to 4.0 mg/L at the
stream’s mouth.  Immediately following this treatment, numbers of organisms decreased in
88% of the taxa, but populations of all affected taxa recovered to pre-treatment levels
within five months and species richness and composition were not notably changed by the
treatment.      

A ten-year study was conducted in treated and untreated reaches of three Great Lakes
tributary systems (Brule River, Lake Superior; Whitefish River, Lake Michigan;
Sturgeon/Boardman River, Lake Huron).  This analysis found no significant long-term
adverse effect from repeated TFM treatment on macroinvertebrate communities; they
remained stable or quickly returned to pre-treatment abundance between treatments
(Weisser et al. in review).  It was concluded that most aquatic macroinvertebrates survive
TFM treatments, a few taxa are sensitive and die, but these taxa recover within one year
following treatment.

Effects other than direct lethality to macroinvertebrates may occur during lampricide
applications.  Maki (1980) observed a dramatic increase in drift rates, and suggested that
this was responsible for a large part of macroinvertebrate declines following a TFM
treatment.  Among the taxa found to be susceptible to increased drift, by Maki (1980),
Dermott and Spence (1984), Jeffrey et al. (1986) and Kolton et al. (1986), were the mayfly
Baetis, and caddisflies Chimarra and Dolophilodes, various oligochaete worms, leeches and
scuds Gammarus.  In earlier field reports from Great Lakes TFM treatments, Gammarus
was reported as killed, but based upon this newer evidence, it is now believed that they were
drifting and not killed, although they would be more vulnerable to predation in this state. 
Chironomus has been found in laboratory studies to become immobilized at one-sixth of the
TFM concentration required to produce 50% mortality which likewise may increase
susceptibility to predation (NRCC, 1985).  Dubois and Plaster (1993) found results similar
to the above authors, and also documented an immediate significant increase in drift rates
of blackflies Simulium during the first day of a TFM treatment in a small softwater stream.
They also noted that this response closely resembled responses of these insects to
commonly used blackfly larvicides.

It has been widely suggested that burrowing into the substrate may afford appreciable
protection of sensitive invertebrates from TFM.  Jeffrey et al. (1986) demonstrated that
low levels of TFM  penetrated up to 55 cm into a stream substrate’s hyporheic region as a
result of convective forces caused by declining water temperatures during a late fall
treatment.  Despite this penetration, Tubificid worms were the only benthic invertebrates
within the substrate to be significantly impacted.  The authors concluded that the relatively
high convective forces observed were not typical of what would happen during seasons
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when lampricides are most often applied (late spring through early fall).  When convective
forces are low, as they would be over most of the treatment season, TFM would not
penetrate as far into the substrate, and the hyporheic region would serve as a more effective
refuge from treatments, than observed in their study.  They produced evidence to indicate
that vertical migration into this area of substrate was an important mechanism of rapid
population recovery for burrowing forms of invertebrates. 

Documented impacts of Lake Champlain TFM stream treatments on invertebrates during
the experimental program were minor and temporary, and were consistent with those found
in other studies:

Langdon and Fiske (1991) found significant decreases of caddisflies of the Chimarra genus
and the burrowing mayfly Hexagenia limbata immediately following  the 1990 Lewis Creek
TFM treatment, while overall the macroinvertebrate community indices showed no
significant differences from  pre- to post-treatment.  They also noted an apparent
differential in mortality levels of H. limbata nymphs, with the larger nymphs (probably age
2) being affected more greatly than smaller, younger nymphs; this observation was
consistent with the Great Lakes Hexagenia findings discussed earlier.  Results of continued
monitoring of Lewis Creek demonstrated that the two taxa which exhibited post-treatment
population declines increased in density to levels at or above pre-treatment levels within
one year following treatment (VTDEC 1994).  The authors also found that TFM treatment
of Lewis Creek had no undue adverse effect on the biotic integrity of its macroinvertebrate
communities.

Similar studies (VTDEC 1996) found no short term impacts to the Trout Brook
macroinvertebrate community following the 1995 TFM treatment.  Major groups of
macroinvertebrates showed no shifts in percent composition before and after treatment and
several measures of community metrics remained virtually unchanged.

Gruendling and Bogucki (1993b) found that the TFM plumes from treatment of the Little
Ausable and Ausable Rivers caused no significant impacts to associated delta
macroinvertebrate communities.  The community was measured by sampling with a Ponar
Grab Dredge.  Mussel densities were estimated in 0.25 m2 quadrants and caged mussels,
were placed on the deltas.  No significant differences occurred in pre- and post-treatment
densities in the macroinvertebrate community sampled by dredge.  The caged mussel
experiment also revealed no significant TFM-induced mortality at either delta.  No
conclusions could be drawn from the mussel sampling; however, it can be inferred from the
caged mussel studies that negligible mussel impacts occurred.

Acute lampricide toxicity tests have been conducted to predict treatment impacts on five
mussel species found in the Lake Champlain Basin.  The pink heelsplitter was tested in the
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laboratory, with a static 12-hour TFM exposure (Bills et al. 1992).  The pocketbook and
black sandshell were tested on-site at the Poultney River in 12-hour continuous flow-
through TFM exposures designed to simulate a stream treatment (Neuderfer 2001). 
Similar on-site flow-through TFM toxicity tests were performed on the eastern floater and
eastern elliptio, as well as additional testing of the effects of a TFM/1% niclosamide
combination on eastern elliptio, at the White River/Bad River system, Ashland County,
Wisconsin  (Waller et al. in review).  These tests exposed groups of mussels and sea
lamprey to selected lampricide concentrations and also included unexposed control groups
handled similarly to exposed groups to separate  the effects of handling on mussel survival. 
Acute toxicity was determined at 24 hours and 14 days post exposure and chronic toxicity
was determined approximately one year post exposure.  Sea lamprey larvae were tested
simultaneously with the mussels in each case, except for the pink heelsplitter study, in
order to directly compare the effects of TFM on mussels relative to the sea lamprey MLC. 

The no-observed-effect concentrations (NOEC) and lowest-observed-effect concentrations
(LOEC) empirically determined from the above mussel toxicity tests are summarized
relative to sea lamprey MLC’s in Table VII-13.  Standard operating procedures for acute
toxicity testing (ASTM 1996 and EPA 1975) allow 10% mortality in control exposures
because such low mortality may be due to random effects and not to treatment effects. 
Mortality exceeding 10% in lampricide concentrations is assumed to be significant.  The
highest lampricide concentration that exhibited <10% mortality is the NOEC.  The next
higher concentration that exhibited >10% mortality is the LOEC.  All NOEC’s presented in
Table VII-13 were at concentrations where no actual mortality occurred, except for the pink
heelsplitter, where 10% mortality was observed.

Bills et al. (1992) concluded that the pink heelsplitter is sensitive to TFM, finding 10%
mortality  (NOEC) at 3.5 mg/L and 60% mortality at 5.25 mg/L, the next higher
concentration tested (LOEC).  The authors determined these two concentrations to be equal
to 1.0 times MLC and 1.5 times MLC, respectively.  However, in light of more recent
research, there are some shortcomings of this study that lead us to a different conclusion
than is presented in Table VII-13.  Unlike the other toxicity tests discussed, a direct
relationship between the concentrations causing mussel mortality and sea lamprey MLC
could not be established since sea lamprey larvae were not simultaneously exposed in this
test; therefore, the MLC of 3.5 mg/L was estimated from a regression chart based on the
test water alkalinity level (Seelye et al. 1988).  More recent research has led to
development of a predictive regression model incorporating the effect of both pH and
alkalinity on the toxicity of TFM, which showed that the model based on alkalinity alone
overestimated MLC’s (Bills et al. in review).  Applying the test water pH and alkalinity data
from the Bills et al. (1992) study to the newer pH/alkalinity chart (Appendix D) predicts an
MLC of 2.1 mg/L rather than 3.5mg/L estimated by the older alkalinity chart.  Therefore,
the pink heelsplitter NOEC and LOEC become 1.6 and 2.5 times the estimated MLC,
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respectively (Table VII-13).

The acute toxicity data shown in Table VII-13 suggest that none of the five mussel species
tested are expected to suffer mortality from exposure to lampricides at stream treatment
concentrations of 1.3 times MLC or less.  Treatment concentrations up to 1.5 times MLC
should not adversely impact mussels in streams not inhabited by the black sandshell.  

The eastern elliptio appears to be more tolerant to TFM than the other four species.  This
agrees with the findings of Waller et al. (1998) that toxicity of TFM to unionid mussels
appears to vary by subfamily due to morphological differences.  The eastern elliptio is a
member of the subfamily Ambleminae, characterized by a thick shell, small valve gape and
tightly clamped valves.  This is relative to the species in subfamilies Lampsilinae (pink
heelsplitter, black sandshell and pocketbook) and Anodontinae (eastern floater), which have
thinner shells and valves that do no close as tightly.  There does not appear to be an
appreciable difference between acute toxicity between subfamily Lampsilinae and
Anodontinae, with the possible exception of the black sandshell (Table VII-13).  

The black sandshell data in Table VII-13 should be viewed as worst case.  Black sandshell
specimens were collected by a commercial mussel harvester using a braille in the Kentucky
River, Kentucky, and transported to the test site at the Poultney River.  Prior to the toxicity
test, several of these specimens exhibited physical damage to their shells attributable to the
collection method (Neuderfer 2001).  This handling stress is likely to be responsible for
the observed mortality at a lower relative TFM concentration than the other mussels tested.

Waller et al. (in review) also evaluated latent effects of the lampricides on eastern elliptio
and eastern floater.  The mussels used in the acute toxicity tests were held in cages in the
Bad River for a period of approximately one year post-exposure.  Two additional sets of
caged, unexposed control specimens were also held through this period, one collected and
held at the toxicity test site and then returned to the river simultaneously with the treated
animals, and the other collected and immediately caged and returned to the river.  Both
survival and growth rates after approximately one year were not significantly different
between the treated and control groups, showing that TFM and the TFM/1% niclosamide
combination did not affect long-term mussel survival or growth.  Survival was higher for the
eastern elliptio than for the eastern floater, and for adults relative to juveniles.  These
differences were determined to be a function of handling stress stemming from
morphological differences.  The authors concluded that the more short-lived and thin-
shelled eastern floater is apparently more sensitive to handling than is the eastern elliptio.

TFM produces a narcotizing or anesthetizing effect on freshwater mussels giving the
appearance of mortality at sub-lethal concentrations (Bills et al. 1992; Waller et al. 1998). 
Behavioral responses associated with this effect include emergence from sediment if
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burrowed, extension of the foot and gaping valves, along with failure to respond to external
stimuli in the more advanced stages of narcosis.  Bills et al. (1992) reported that 60% of
the pink heelsplitters exposed to 3.5 mg/L TFM concentration for 12 hours in a static
bioassay exhibited these characteristics.  After 12 hours in fresh water, 50% were
unresponsive, and at 14 days post-exposure, all but 10% fully recovered.  The authors
concluded that the correct assessment of the effects of TFM on mussels requires post-
exposure observation over several days.  They concluded that incidence of mussel mortality
recorded from Great Lakes post-treatment surveys conducted shortly after stream
treatments may be significantly overestimated, and many non-responsive mussels that were
considered dead might have later recovered.  

Post-treatment mortality surveys were usually conducted within 24 hours after a stream
reach was treated during the Lake Champlain experimental program.  No mussel mortalities
were reported from 19 of 24 stream TFM treatments, and minimal numbers of mussels
(species not identified) were observed and considered dead after treatments of Lewis
Creek and the Great Chazy, Little Ausable and Saranac Rivers (Fisheries Technical
Committee 1999).  These observations were noted largely in areas immediately
downstream of TFM application points where the chemical may not have been thoroughly
mixed in the water column.  Surveys by VTDEC of sections of Lewis Creek one day
following treatment documented apparent mortality of one pink heelsplitter specimen out
of nine individuals of this species observed after the 1990 TFM treatment.  Several
individuals of three mussel species including pink heelsplitter were observed following the
1994 Lewis Creek treatment and no mortality was detected for any species (Steve Fiske,
VTDEC memorandum).  It is likely that these reported mussel mortalities included a
portion of which were narcotized, but later may have recovered.  Therefore, mussel
mortality may actually have been lower than the minimal levels observed.



136

Table VII-13.  Acute TFM and TFM/1% niclosamide toxicity to five Lake Champlain basin mussel
species determined from mortality observations 14 days after 12-hr exposures.  Toxicity is expressed as a
relative factor of the sea lamprey minimum lethal concentration (MLC=9-hr LC99.9).  Sea lamprey MLC
was determined by exposing sea lamprey larvae simultaneously in each mussel trial, except for the pink
heelsplitter test.

Species Test 
Trial

NOEC
Factora

LOEC
Factorb

Reference

TFM

Pink Heelsplitterc,d 1 1.6 2.5 Bills  et al. (1992)

Black sandshellc 1 1.3 1.7 Neuderfer (2001)

Pocketbookc -  adult      1 1.5 1.9 Neuderfer (2001)

Pocketbookc -  juvenile 1 1.9 2.3 Neuderfer (2001)

Eastern floater  adult 1
2
3

1.6
1.6
1.9

1.9
2.0
2.4

Waller et al. (In review)

Eastern floater  juvenile 1
2

1.6
1.6

1.9
2.0

Waller et al. (In review)

Eastern elliptio  adult 1
2
3

1.9
2.5
2.4

>1.9
>2.5
>2.4

Waller et al. (In review)

Eastern elliptio  juvenile 1
2
3

1.6
2.5
2.4

  1.9
>2.5
>2.4

Waller et al. (In review)

TFM/1% Niclosamide

Eastern elliptio  adult
                      

1
2
3

2.4
1.9
2.4

>2.4
  2.4
>2.4

Waller et al. (In review)

Eastern elliptio  juvenile 1
2

2.4
2.4

>2.4
>2.4

Waller et al. (In review)

a  NOEC Factor  = no observed effect concentration divided by sea lamprey MLC.
b  LOEC Factor = lowest observed effect concentration divided by sea lamprey MLC.
c  Vermont endangered species.
d  Factors for the pink heelspliter are based on MLC estimated from USFWS pH/alkalinity regression model (Klar and Schleen 1999; 
Bills et al.       in review).  See discussion in text.  
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Fichtel (1992) monitored mussel beds in the Poultney River before, during and after the
1992 TFM treatment.  No signs of stress were observed and all appeared to maintain proper
orientation and normal filtration. 

During the 1996 Poultney River TFM treatment, gravid pocketbook and eastern
lampmussels were observed to assess whether glochidia were prematurely released in
response to TFM exposure (Lyttle and Pitts 1997).  No prematurely-released glochidia
were observed in any of the treatment or post-treatment drift samples collected
immediately below trays holding gravid mussels.  Several gravid eastern lampmussels were
observed in the river eight months later in June 1997.  

Comparison of TFM and TFM/Niclosamide Toxicity in Invertebrates

As shown in the prior discussion of burrowing mayfly toxicity test results (Bills et al.
1985), stream treatments with the TFM/niclosamide mixture appears to elicit similar
effects on aquatic biota as did TFM alone.  The addition of small amounts of niclosamide to
TFM results in higher toxicity to aquatic invertebrates, but it also results in greater
increases in toxicity to sea lampreys than to most invertebrates (Gilderhus and Johnson
1980).  This differential enables lower treatment concentrations of the mixture to
effectively control sea lampreys while reducing effects on most invertebrates (NRCC
1985; EPA 1999).  The snail Physa was the only taxon tested (freshwater mussels included)
that had exhibited lower differential toxicity to the mixture than to TFM alone (Gilderhus
and Johnson 1980), but it was still 2.5 times more tolerant to the mixture than sea lampreys
(Rye and King 1976).  It is also notable that niclosamide levels alone in such combination
treatments rarely, if ever, reach lethal concentrations (NRCC 1985; Bills et al. 1985).  

Eastern elliptio were slightly more resistant to the TFM/1% niclosamide mixture, relative
to sea lamprey, than to TFM alone (Table VII-13), but the difference was not statistically
significant (Waller et al. in review).  This finding, in conjunction with results discussed
above for other invertebrate taxa exposed to the mixture, suggests that risk of adverse
impacts to other mussel species from TFM/1% niclosamide treatments, as prescribed in
Great Lakes standard operating procedures (Klar and Scheen 1999), are no greater than the
risk from treatments using  TFM alone. 

Adverse impacts on invertebrates, if any, from other ingredients in the TFM formulation or
the TFM/niclosamide combination are included as a component of the overall adverse
impact of these products.  There apparently have been no studies on the toxicity of
isopropanol to aquatic invertebrates (Gary Neuderfer, NYSDEC, Avon, New York, personal
communication).  However, due to its high volatility, rapid biodegradation or oxidation, and
the high tolerance and lack of effects on other animals, isopropanol itself is not likely to
have serious effects on invertebrates at the concentrations used  (NYSDOH 1989;
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Engstrom-Heg 1989; EPA 1986).
 
Bayluscide Treatments on Lake Deltas and Selected Stream Sections

Niclosamide itself  is much more toxic to most invertebrates than TFM or the
TFM/niclosamide mixture.  Turbellarians, oligochaetes and leeches are among the most
sensitive organisms.  Mussels and snails are also known to be sensitive to niclosamide
since its original and more widespread use was as a molluscicide to control snails, that are
vectors of schistosomiasis (“swimmers itch”) (Gilderhus and Johnson 1980).  The relative
toxicity of niclosamide to aquatic insects varies greatly; while  most insect taxa are more
sensitive, including dipterans (midges and blackflies), stoneflies and caddisflies, some like
the mayfly Hexagenia were found to be more resistant to niclosamide than to TFM (NRCC
1985; Bills et al 1985).

The FEIS predicted the following adverse effects to macroinvertebrates on the five Lake
Champlain deltas proposed for treatments with Bayluscide based on expected niclosamide
concentrations (Table VII-10), available information on invertebrate toxicity (Rye and King
1976; NRCC 1985; Gilderhus and Johnson, 1980) and invertebrate inventories by
Gruendling and Bogucki (1986):  (1)  Substantial mortalities to the snails Physa, Bithynia,
Stagnicola and Valvata could occur (Snails collectively are a significant component of
invertebrate forms found on the Ausable, Little Ausable and Salmon River deltas, but less
so on the Saranac and Boquet River deltas.);  (2)  Substantial mortalities to the unionid
mussels Elliptio and Lampsilis, and fingernail clams Sphaerium and Pisidium, could occur
(These forms also comprise a significant component of the invertebrate populations found
on all the deltas.);  (3)  Oligochaeta, which comprise a major numerical component of delta
invertebrates in all but the Little Ausable River delta at Site 2, could suffer heavy losses; 
(4)  Dipterans of the family Chironomidae, of varying abundance on those deltas, could
suffer significant losses; and (5)  Leeches (Hirudinea), of lesser importance on those
deltas, could suffer heavy losses.

Most of the effects projected above were observed in a Bayluscide 5% Granular treatment
at Boardman Lake, Michigan (Gilderhus 1979).  An exception was that snails were
essentially unaffected at the same treatment rate (100 lb/acre) as was proposed for the
Lake Champlain deltas.  Similarly, post-treatment SCUBA diving transects after the 1982
Bayluscide 5% Granular treatment at Seneca Lake observed live mussels but none that were
dead (Engstrom-Heg 1983).

Gruendling and Bogucki (1986) stated that the composition of invertebrate fauna among the
Lake Champlain deltas was fairly similar, so they evaluated the effects of the 1991
Bayluscide treatments in the Ausable and Little Ausable River deltas on
macroinvertebrates, which were expected to be representative of all of the treated delta
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areas (Gruendling and Bogucki 1993a). The authors employed pre- and post-treatment
benthic community sampling, unionid mussel sampling,  in-situ caged macroinvertebrate
experiments on the deltas with unionid mussels and representative species of six taxa
(amphipods, isopods, crayfish, snails, dragonfly larvae and fingernail clams), as well as
laboratory acute toxicity tests on two common unionid species.  

This benthic community sampling revealed significant immediate post-treatment declines
in densities of snails, fingernail clams, chironomids and leeches on both deltas, and also
oligochaetes on the Ausable delta.  Isopods, mayflies and caddisflies were not affected. 
One year later, chironomids rebounded to 1991 pre-treatment levels on the Little Ausable
delta, and leeches and oligochaetes recovered to 1990 pre-treatment levels on the Ausable
delta; the other taxa remained at depressed levels.  Mortality among caged groups was
similar to that observed from community sampling.  Field mortality rates tended to be
lower, probably due to the ability of some invertebrate groups to minimize exposure to
niclosamide in field conditions.  Stress among caged organisms may also have been a
factor.

Both unionid mussel species sampled on each delta significantly declined in density three
days after treatment.  The eastern lampmussel declined 77% and the eastern elliptio
declined 42% on the Little Ausable delta.  Declines of these species on the Ausable delta
were 43% and 49%, respectively.  Additional mortality may have occurred as the
population density estimates conducted one year post-treatment suggest overall mortality
for the eastern lampmussel was 86% and that for the eastern elliptio was 69% on the Little
Ausable delta.  Overall mortality estimates for these species on the Ausable delta were
71% and 77%, respectively. 

The eastern lampmussel was consistently more sensitive to niclosamide than the eastern
elliptio in the in-situ cage study.  Mean mortalities of caged eastern elliptio and eastern
lampmussel specimens were 70% and 94% on the Little Ausable delta respectively.  These
species exhibited mean mortality rates of 32.7% and 73.6%, respectively, on the Ausable
delta.  In situ field sampling plots adjacent to caged unionid mussels stations yielded
relatively similar data.

The laboratory-estimated  24-hour  LC50 value for the eastern elliptio was 998 ppb, which
was higher than the maximum concentrations recorded on either delta (Tables VII-3 and
VII-4).  The LC50 values calculated for this species from the in-situ cage study fell within
the range of niclosamide concentrations on both deltas.  The eastern lampmussel
laboratory-estimated  LC50 value was 178 ppb; the lab LC50 value and the in situ LC50 values
for this species were within the range of concentrations monitored on the two deltas
(Tables VII-3 and VII-4).    
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The differences in tolerance of niclosamide between the two species of unionid mussels
studied by Gruendling and Bogucki (1993a) are likely due to different physiological
tolerances, and the greater ability of the eastern elliptio to avoid the lampricide by
burrowing and tightly closing valves when exposed.  LC50 values calculated in the
laboratory, among caged specimens and in field plots were more variable for the eastern
elliptio than for the eastern lampmussel.  Exposure to higher laboratory niclosamide
concentrations or the fact that the eastern elliptio could not burrow in the test cages on the
deltas may account for this.  In the lab the mussels quickly burrowed under the sand upon
exposure to niclosamide.

Gruendling and Bogucki (1993a) determined that mollusc population densities (mussels
and snails) had not recovered to pre-treatment levels one year after Bayluscide treatments
of the Little Ausable and Ausable River deltas.  Lyttle (1996) conducted a follow-up
assessment in 1995, four years following treatment, and found no long-term depression of
mussel or snail populations on either delta.  The overall density of mussels in 1995 was
somewhat higher on the Ausable delta and slightly lower on the Little Ausable delta than
recorded during pre-treatment surveys; however, neither difference was significant.  Age-
frequency distributions of mussels from both deltas showed recruitment to be fairly stable
and consistent rather than sporadic.  Age frequencies also included mussels younger than
four years, demonstrating that recruitment has occurred since the 1991 Bayluscide
treatments.  Besides the eastern elliptio and eastern lampmussel, Lyttle’s study
documented presence of the eastern floater and giant floater (two additional native
mussels), as well as the exotic zebra mussel, on both deltas.  Snail densities had increased
and exceeded pre-treatment levels in both deltas in 1995.  A greater diversity of snail
species was also noted in this survey  

Trapping 

Spawning-phase sea lamprey trapping activities will have negligible impact on invertebrates. 
Insignificant numbers of stream  invertebrates may be physically killed or dislodged as a
result of deploying and tending portable lamprey traps.
 
Barriers 

Activities associated with construction of barriers could lead to mortalities of some
macroinvertebrates at the construction site, and potentially downstream if siltation is
excessive.  This would be a temporary condition and populations should return to normal
soon after such activities cease.  Mussel reproduction and recruitment above barriers could
potentially be affected if they depend upon fish hosts which are only seasonally available
upstream of barrier sites, and the barriers prevent fish passage.  Permanent low-head barrier
dams may potentially lead to loss of riverine mussel habitat immediately behind the dam. 
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Noakes et al. (2000) found that low-head barriers do not have substantial impacts on the
physical habitat in streams beyond the small impoundment above the dam and the plunge
pool just below. 

g. Fish

Stream Lampricide (TFM or TFM/Niclosamide) Treatments

The FEIS projected that resident nontarget fish species of notable risk of  suffer mortality
during Lake Champlain basin TFM stream treatments included native lampreys, logperch,
eastern sand darter, other darters, catfishes, pike, pickerel, muskellunge, and suckers. 
Treatment-related mortalities of these species or groups, with the exception of the eastern
sand darter were documented during the experimental program.  Comprehensive mortality
surveys following each of the 24 stream TFM treatments during the experimental program
documented mortalities of 50 identifiable nontarget fish species.  Only 13 of these species
were found to have greater than a total of 50 dead individuals in approximately 141 stream
miles treated over the eight years of the program, while 34 species had less than 25
mortalities and 22 species had less than 10 mortalities (Fisheries Technical Committee
1999).  Table VII-14 summarizes the nontarget fish mortalities recorded during these post-
treatment surveys.  As expected, American brook lamprey, silver lamprey, stonecat and
logperch experienced the heaviest mortalities.



142

Table VII-14.  Mortality counts for nontarget fish species associated with 24 TFM treatments of Lake
Champlain tributaries during the 1990-1997 experimental sea lamprey control program.  Numbers of
native lamprey are estimates derived from identification of larval lamprey samples.

Species

Observed
or
Estimated
Mortalities 

Number
Streams 
with Observed
Mortality

Number
Treatments 
with Observed 
Mortality

Number
Treatments
with >50
Dead
Individuals

Average
Number
Dead per
Stream Mile
Treateda

American brook lamprey 40,851 4 7 5 1,215.8

Silver lamprey 8,619 7 12 9 151.5

Stonecat 6,730 4 7 6 104.0

Logperch 1,057 10 14 3 8.7

Bluntnose minnow 755 7 9 1 7.3

Blacknose dace 517 7 9 2 10.1

White sucker 340 11 15 2 2.9

Tessellated darter  318 13 21 2 2.4

Northern brook lamprey 209 1 2 1 4.5

Brown bullhead 162 8 12 0 1.8

Chain pickerel 130 2 4 1 7.6

Fantail darter 68 2 3 0 1.3

Longnose dace 66 6 7 1 0.7

37 other species combined b 452 14 23 0 3.3
a Based on mileage of treated streams where mortality was noted for the species.
b Includes seven unidentified specimens.

A third  round of TFM treatments was conducted on the eight tributaries (approximately 35
stream miles) wholly within New York State from 1998 through 2000.  Post-treatment
nontarget mortality counts were conducted following the same procedures used during the
experimental program.  Observed levels of fish mortality (Table VII-15) were similar to
that observed earlier during the experimental program period.

The Service employed in-situ cage toxicity studies on a wide variety of fish species in the
Great Lakes from 1983 to 1989 (Schuldt et al. 1996).  Small fishes were confined to cages
in control and treated stream sections during 26 TFM applications on 23 streams
throughout the Great 
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Table VII-15.  Mortality counts for nontarget fish species associated with eight TFM treatments of Lake
Champlain tributaries during the 1998-2000 period.  Numbers of native lamprey are estimates derived
from identification of larval lamprey samples.

Species

Observed
or
Estimated
Mortalities 

Number
Streams 
with Observed
Mortality

Number
Treatments 
with Observed 
Mortality

Number
Treatments with
>50 Dead
Individuals

Average
Number 
Dead per
Stream Mile
Treateda

American brook lamprey 21,328 2 2 1 1,568.2

Logperch 1,622 7 7 3 47.6

Stonecat 1,602 3 3 2 91.0

Silver lamprey 915 4 4 3 55.5

Brown bullhead 365 8 8 3 10.0

Blacknose dace 274 6 6 2 10.3

Tessellated darter  202 6 6 1 8.0

Creek chub 165 3 3 1 18.5

White sucker 115 8 8 0 3.1

Bluntnose minnow 64 2 2 0 5.3

Unidentified Cyprinid 130 2 2 1 15.1

Unidentified fish 194 1 1 1 25.9

27 other species
combined

202 8 8 0 5.5

a Based on mileage of treated streams where mortality was noted for the species.

Lakes.  Most treatments were maintained at or above the pre-determined stream MLC for at
least 9 hours, and up to 18.6 hours.  Concentrations exceeded 1.5 times the stream MLC
for 10 to 13.5 hours on four tributary cage sites.  Most fishes survived in control cages and
38 of 50 nontarget fish species survived treatments at overall rates of greater than 90
percent.  No caged black bullhead, yellow bullhead, tadpole madtom or grass pickerel
survived treatments, although they were tested in only one treatment each in very low
numbers.  Overall in-situ cage survival results for the fish species tested which also inhabit
Lake Champlain and lower tributaries are summarized in Table VII-16.  More detailed
discussion of results for certain species will be included in following text.

Boogaard et al. (in review) performed a series of 12-hour flow-through laboratory
bioassays designed to simulate stream treatments, to determine the toxicity of TFM and a



144

TFM/1% niclosamide (Bayluscide) mixture to 16 common Great Lakes nontarget fish
species (15 of which inhabit Lake Champlain) representing seven families.  They calculated
toxicity ratios for each species to determine its relative sensitivity to the lampricides; the
toxicity ratio is defined as the nontarget 12-hour LC50 divided by the sea lamprey MLC
predicted from the pH/alkalinity chart (Klar and Schleen 1999; Appendix D).  The
calculated toxicity ratios are shown in Table VII-17.  The authors considered nontarget
species with toxicity ratios of 1.5 or less to be sensitive, and to be potentially significantly
impacted by routine treatment concentrations of up to 1.5 times MLC   Centrarchids
(smallmouth bass, bluegill and green sunfish Lepomis cyanellus) and yellow perch were the
least sensitive to the lampricides while ictalurids (black bullhead, channel catfish and
tadpole madtom) were the most sensitive.  Lake sturgeon and lake whitefish were also quite
sensitive, while salmonids (Atlantic salmon, brown trout, lake trout and rainbow trout),
walleye, white sucker and carp were found to be intermediate in sensitivity.  Specific
results from this study are presented in the appropriate discussion of each species or group
below.    
  

Native Lampreys

In comparative toxicity tests, King and Gabel (1985) found the toxicity of TFM to be
highest in larval sea lamprey, intermediate in the northern brook lamprey, and lowest in the
American brook lamprey; MLC values determined for the northern brook lamprey and
American brook lamprey averaged 25% and 44% greater than for sea lamprey, respectively. 
Despite these differences in toxicity, substantial losses of brook lampreys have been
unavoidable under normal treatment concentrations (up to 1.5 times MLC).  Significantly
greater proportions of brook lamprey populations than sea lampreys should also survive
treatments closer to 1.0 times MLC and persist, especially the American brook lamprey.  

Schuldt and Goold (1980) found that TFM treatments of Lake Superior tributaries from
1958 to 1977 were more harmful to genus Icthyomyzon species (northern brook lamprey
and/or silver lamprey) than to American brook lamprey; American brook lamprey was
eliminated from treated sections in 6 of 42 tributaries compared with the elimination of
Ichthyomyzon spp. from treated sections in 41 of 81 tributaries (There is not a reliable
method to differentiate the larval phase of silver lamprey from northern brook lamprey
using external characteristics, thus they are usually identified only to genus when the
spawning phase is not present.).  The authors also pointed out that American brook
lampreys commonly exist further upstream than do sea lampreys, providing  refuge from
treatment.  The principal reason American brook lampreys have been impacted less is that
they are more tolerant of colder water temperatures and often inhabit stream headwaters
above the areas in which sea lamprey are found.  

The impacts on native lampreys noted by Schuldt and Goold (1980) occurred over the first
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two decades of the Great Lakes sea lamprey control program, without any special effort at
mitigation.  TFM treatment concentrations at the time often exceeded those concentrations
typically employed now.  There is evidence from more recent Great Lakes lamprey
assessments
(1980 to 1999) that these losses have stabilized, and that some reestablishment of native
lamprey populations, particularly by American brook lamprey, have occurred (Cuddy et al.
in review). 
It has also been suggested that reductions in larval sea lamprey abundance may benefit
native lampreys, since invading sea lamprey are highly adaptable and have a competitive
advantage (Schuldt and Goold 1980, Cuddy et al. in review).
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Table VII-16.  Combined number of selected fish species, caged in control and treatment sites, and
number live after treatment, from 26 TFM treatments in 23 Great Lakes streams,1983-1989.  Adapted
from Schuldt et al. (1996).

Number of
Treatment
s

Number of
Treatments
With
Mortality

Treatment Cages Control Cages

Species Caged Live Caged Live

Lake sturgeon 2 2 40 9 40 40

Brook trout 2 0 6 6 6 6

Brown trout 2 0 25 25 9 9

Rainbow trout 9 3 85 78 60 59

Central mudminnow 7 0 33 33 18 17

Grass pickerel 1 1 7 0 0 -

Carp 1 0 10 10 10 10

Creek chub 9 2 49 44 46 36

Blacknose dace 13 5 118 104 126 124

Longnose dace 11 3 82 79 58 58

Northern redbelly
dace

3 1 19 18 11 11

Pearl dace 2 0 10 10 9 9

Common shiner 9 5 74 68 70 58

Rosyface shiner 2 0 4 4 5 5

Spotfin shiner 1 0 16 16 17 17

Bluntnose minnow 5 0 8 8 5 5

Fathead minnow 1 0 12 12 14 14

White sucker 8 0 38 38 33 33

Redhorse spp. 1 0 5 5 4 4

Black bullhead 1 1  1 0 0 -

Yellow bullhead 1 1 2 0 0 -
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Table VII-16 (continued). 

Number of
Treatment
s

Number of
Treatment
s
With
Mortality

Treatment Cages Control Cages

Species Caged Live Caged Live

Tadpole madtom 1 1 1 0 0 -

Brook stickleback 3 0 15 15 7 6

Burbot 3 0 12 12 3 3

Banded killifish 1 0 1 1 1 1

Smallmouth bass 7 0 44 44 43 42

Largemouth bass 2 0 20 20 10 10

Bluegill 2 0 2 2 1 1

Pumpkinseed 2 0 45 45 40 39

Rock bass 8 2 41 38 36 36

Black crappie 1 0 2 2 2 2

Fantail darter 6 4 68 44 54 53

Johnny darter 11 3 77 72 72 63

Logperch 7 2 44 38 37 36

Mottled sculpin 12 1 99 98 139 139

Slimy sculpin 4 1 20 19 17 17

Sculpin spp. 3 0 73 73 10 10

American brook lamprey (T-VT) mortalities were observed in four streams during the Lake
Champlain experimental program (Table VII-14), but 98.9% of mortality for this species
was recorded from two treatments over a large population in the Ausable River.  In a 1990
TFM treatment of the Ausable River, an estimate of 12,193 American brook lampreys were
killed based on identification of larval samples collected during mortality counts.  The
second Ausable River treatment in 1994 resulted in an estimated 28,467 killed (Fisheries
Technical Committee 1999).  NYSDEC conducted a third Ausable treatment in 1999 and
estimated a mortality of 21,303 American brook lampreys (Neuderfer 1999).  These
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results suggest that American brook lamprey populations persisted through the three TFM
treatments, and tend to support the findings of Schuldt and Goold (1980), King and Gabel
(1985) and Cuddy et al. (in review).

The 1995 TFM treatment of  Trout Brook, Vermont, exhibited  the only case of a
threatened or endangered species suffering mortality, and this loss was partially mitigated. 
The treatment impact on this population was minimized due to pre-treatment removal and
post-treatment restocking of individuals in the 0.4 mile treated section.  Prior to treatment,
280 American brook lampreys were collected, held in untreated water during the treatment,
and subsequently released back into the stream after the post treatment mortality survey. 
The post-treatment survey revealed an estimated mortality of 92 American brook lampreys
(Anderson and Staats 1996), which represents an approximately 25% population loss in the
treated section.  Considering that 
the American brook lamprey population in Trout Brook ranges more than one mile
upstream of the application point, the overall population loss was likely to be substantially
lower.  Silver lamprey also experienced substantial mortality from TFM treatments (Table
VII-14).  Among native lampreys in the Lake Champlain basin, only the silver lamprey is
parasitic.  This species is considered relatively harmless to other fish due to its much
smaller size at maturity relative to sea lamprey, and appears to be no impediment in
reaching salmonid management objectives for Lake Champlain. Toxicity of TFM to silver
lamprey is slightly less than for sea lamprey, but the difference may not be enough to avoid
heavy silver lamprey losses (King and Gabel 1985) under routine treatment concentrations. 
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Table VII-17.  Relative toxicity of TFM and TFM/1% niclosamide mixture to selected nontarget fishes in
12-hour flow-through laboratory toxicity tests.  Toxicity ratio is the nontarget LC50 divided by the
predicted sea lamprey MLC; sea lamprey MLC’s were derived from pH/alkalinity prediction tables
(Appendix D) based on average pH and alkalinity of the test water.  (From Boogaard et al. in review)

Species
Test 
Trial

TFM 
Toxicity Ratio

TFM/1% niclosamide
Toxicity Ratio

Lake sturgeona 1
2

1.95
1.77

1.68
1.78

Atlantic salmon 1
2

3.47
3.11

2.68
2.71

Brown trout 1
2

3.18
3.71

3.55
3.34

Lake trout 1
2

3.98
4.56

3.00
3.08

Rainbow trout 1
2
3

3.65
4.42
4.25

2.80
3.57

-

Lake whitefish 1 1.66 2.03

White sucker 1
2

2.13
2.57

2.75
2.94

Black bullhead 1
2

1.66
1.70

1.58
1.51

Channel catfish 1
2

1.68
1.27

1.25
1.30

Tadpole madtom 1
2

1.48
2.01

1.26
1.17

Carp 1
2

2.26
2.58

2.33
2.36

Bluegill 1
2

7.97
8.78

6.44
5.67

Green sunfish 1
2

8.43
7.88

6.50
6.56

Smallmouth bass 1
2

6.85
6.29

3.47
3.50

Walleye 1 2.17 2.36

Yellow perch 1
2

8.11
>7.33

4.79
4.81

a Average size of lake sturgeon tested was 127 mm total length.
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Schuldt and Goold (1980) reported losses of silver lamprey populations in a substantial
portion of treated Lake Superior tributaries between 1958 and 1977, when little attention
was given to control of lampricide applications to protect nontarget species.  Surveys
through the 1980s and 1990s show that the silver lamprey population distribution has
stabilized, and adult silver lamprey have recently been captured in sea lamprey assessment
traps in streams where they have not been observed for many years Cuddy et al. (in review). 
They also note that Ichthyomyzon larvae have become reestablished in several treated
streams, but the inability to identify larvae of this genus to species limits interpretation of
these findings.    

Preliminary results of larval lamprey population assessments conducted in 2000 on Lewis
Creek and the Poultney River suggest that greater proportions of silver lampreys survived
experimental program treatments than did sea lampreys.  The Poultney River silver lamprey
population, in particular, has grown much more rapidly than sea lamprey population there
since sea lamprey numbers were dramatically reduced during the 1996 TFM treatment (U.
S. Fish and Wildlife Service, Essex Junction, Vermont, unpublished data). 

The relative difference in TFM toxicity to northern brook lamprey (E-VT) in relation to sea
lamprey is not great enough to avoid a serious loss to a population (King and Gabel 1985). 
No lampricide applications were conducted to control sea lampreys during the
experimental program in the Malletts Creek/Indian Brook system to protect Vermont’s
only known northern brook lamprey population, and none are planned under the Proposed
Action.  In New York, where northern brook lamprey is not protected, this species occurs
in the Great Chazy River.  Mortality of 197 individuals was estimated in one area of the
Great Chazy following the 1992 TFM treatment, and an estimated 12 were killed there
during the 1996 treatment (Fisheries Technical Committee 1999). 

Lake Sturgeon  

Lake sturgeon (T-NY, E-VT) are known to be sensitive to lampricides.  Field and laboratory
toxicity tests found no mortality of juvenile lake sturgeon (100 to 218 mm total length) at
concentrations of TFM up to approximately 1.3 times the  MLC of  sea lamprey larvae
(Johnson et al. 1999).  Results from additional toxicity tests conducted in the laboratory
with TFM and a TFM/1% niclosamide combination have found lake sturgeon sac fry to be
significantly more tolerant to both formulations than sea lampreys (NOEC=1.5 times sea
lamprey MLC).  Swim-up fry and young-of-year up to approximately 80 mm total length
were found to have similar sensitivity as sea lamprey, however, with NOEC’s significantly
less than sea lamprey MLC’s.  Larger sturgeon young-of-year (>100 mm) and age 1+ (219
to 301 mm) were significantly more tolerant to both formulations than sea lampreys, with
NOEC’s at or greater than sea lamprey MLC’s (Table VII-18; Boogaard et al. in review).
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Salmonids

Salmonids are known to be moderately resistant to TFM.  Toxicity ratios determined in
laboratory bioassays for landlocked Atlantic salmon, brown trout, lake trout and rainbow
trout
ranged from 3.51 to 4.56 for TFM and from 2.68 to 3.57 for TFM/1% niclosamide (Table
VII-17; Boogaard et al. in review).  Trout are routinely used in pre-treatment bioassays to
set maximum allowable concentrations (MAC’s).  MAC’s are often set from brown trout
LC25's as referenced on the pH/alkalinity prediction chart (Klar and Schleen 1999;
Appendix D).  Trout and salmon were rarely impacted in the experimental program; no
Atlantic salmon were killed by TFM treatments, and only 14 rainbow trout, 9 brook trout
and 2 brown trout mortalities were recorded, limited to treatments of Putnam Creek and the
Saranac River (Fisheries Technical
Committee 1999).  

Dubois and Blust (1994) examined salmonid population data from a small stream over a
10-year period that received three TFM treatments. Reduced biomass and growth rate of
brook trout were noted in the year with an early-season (June) treatment, but no discernable
salmonid population effects were noted one year after late-season (September) treatments. 
The authors recommended that it would be preferable to delay lampricide treatments in
small trout streams until late in the growing season, but the long-term risk of not delaying
treatment appears minimal, since environmental variables potentially have more of an
effect on trout populations than do periodic treatments.

Esocids

Members of the pike family are relatively sensitive to TFM and treatment-related
mortalities are frequently noted during Great Lakes TFM treatments, in both adult and
juvenile stages and any season of the year.  Some mortality was noted from experimental
program treatments for all five esocid species found in Lake Champlain, mainly in the
lower reaches of treated streams, including the Great Chazy, Little Ausable and Ausable
Rivers, Lewis Creek, and Stone Bridge and Mount Hope Brooks.  Most mortalities were
chain pickerel (Table VII-14), followed by northern pike; juvenile muskellunge (probably
hatchery fish recently stocked in the Great Chazy River), and redfin and grass pickerel were
noted in very low numbers (Fisheries Technical Committee 1999).  With the exception of
muskellunge, these species are abundant throughout Lake Champlain and the documented
losses will have no effect on their populations.  Muskellunge are common in the Great
Chazy River, and few post-treatment mortalities of this species were noted there (Fisheries
Technical Committee 1999).  Muskellunge were tested in pre-treatment TFM toxicity tests
in 1992 and 1996 using hatchery-reared juveniles.  In both tests, muskellunge were not
affected by TFM concentrations as high as 1.6 times the sea lamprey MLC (Steinbach
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1992a; Neuderfer 1997).  Great Lakes treatment-related mortalities are not known to have
resulted in overall population declines of any esocid species.

Table VII-18.  Comparison of TFM and TFM/1% niclosamide (Bayluscide) mixture No Observed Effect
Concentration (NOEC) factors for eight stages/size ranges (mm total length) of young-of-year lake
sturgeon.  The NOEC factor is the lake sturgeon NOEC divided by the observed the sea lamprey
minimum lethal concentration (MLC=9-hr LC99.9).  Sea lamprey MLC was determined by exposing sea
lamprey larvae simultaneously in each test trial. (From Boogaard et al. in review)

Stage/average 
length (range) 

Test 
Trial

TFM 
NOEC factor

TFM/1% niclosamide
NOEC Factor

Sac fry
1
2
3

1.50
1.54
1.52

1.18
1.53
1.50

Swim-up fry
1
2
3

0.52
0.52
0.43

0.53
0.47
0.64

26 (22 - 30)
1
2
3

0.52
0.41
0.42

0.53
0.47
0.65

41  (32 - 48)
1
2
3

0.65
0.50
0.63

0.79
0.65
0.79

65   (52 - 82)
1
2
3

0.65
0.65
0.81

0.67
0.64
0.81

107 (85 - 125)
1
2
3

1.00
1.00
1.00

1.21
1.23
1.23

157 (131 - 181)
1
2
3

1.00
1.00
1.00

1.00
1.00
1.00

217 (183 - 255)
1
2
3

1.25
1.23
1.00

1.24
1.21
1.31

261 (219 - 301)
1
2
3

1.52
1.60
1.27

1.17
1.21
1.29
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Ictalurids

Bullheads and catfishes are among the nontarget fishes that are most susceptible to
mortality from lampricide applications.  Channel catfish and tadpole madtom were the only
species tested by Boogaard et al. (in review) with TFM and TFM/1% niclosamide toxicity
ratios of less than 1.5, indicating that significant mortalities may occur from treatment
concentrations approaching 1.5 times MLC.  Black bullhead was found to be slightly less
sensitive than the other two species.  In field toxicity studies (Schuldt et al. 1996), no black
bullhead, yellow bullhead or tadpole madtom held in cages survived TFM treatments in
Great Lakes streams.  However, only one or two individuals per species were caged in
treated water and there were none held in untreated control cages (Schuldt et al. 1996;
Table VII-16) . 

In the Great Lakes, the stonecat has suffered substantial mortalities and depressed
population levels in some streams treated with lampricides between 1958 and 1979, but the
species was not eliminated in any stream (Dahl and McDonald 1980).  Currently, no
stonecat population has been lost in any of these streams despite repeated treatments over
the more than 40 years of the program (John Weisser, USFWS, Marquette, Michigan,
personal communication).

Stonecats were noted among the highest nontarget fish mortalities during the experimental
program (Table VII-14).  Prior to the experimental program, the Great Chazy River was the
only treated stream known to contain stonecats (Bouton 1986).  Stonecat populations were
also documented from mortalities recorded in the first and second round experimental
program TFM treatments of  Salmon and Little Ausable Rivers, and also in the only
treatment of the Saranac River (Fisheries Technical Committee 1999).  Stonecat
mortalities were noted again in the third round of treatments of the Salmon and Little
Ausable Rivers in 1998, and the Great Chazy River in 2000, which indicates that these
populations have persisted (Neuderfer 1998a, 1998b and 2000c).

Although brown bullhead were among the moderately higher numbers in experimental
program mortality counts (Table VII-14), large numbers were not found in any particular
treatment (Fisheries Technical Committee 1999).  Brown bullhead are ubiquitous
throughout the Lake Champlain basin, so treatment-induced mortalities experienced would
be inconsequential at the greater population level. 

Catostomids

Sucker species are marginally sensitive to lampricides and mortalities have frequently been
observed during Great Lakes stream treatments. These incidents most often involve spring
spawning adults, but juveniles are occasionally involved at any season.  Through the 1970's,
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large kills have sometimes resulted from TFM treatments over spawning concentrations of
white suckers and longnose suckers in Great Lakes tributaries (Dahl and McDonald 1980). 
Such losses are not known to have ever caused significant population declines.  More
recently, significant fish kills have become increasingly rare as lampricide applications
have become more rigorously controlled to minimize nontarget impacts (John Weisser,
USFWS, personal communication).  White suckers, like brown bullhead, were among the
more common nontarget mortalities observed during the Lake Champlain experimental
program (Table VII-14), but population impacts from continued treatments should be
negligible due to their high natural abundance and widespread distribution.  

There was no mortality of caged white suckers exposed to TFM in eight Great Lakes stream
treatments (Table VII-16).  The cages were in locations where the pre-determined stream
MLC’s were exceeded for an average of about 11 hours; this included the 1986 treatment
of Conneaut Creek, Ohio, where the stream MLC was exceeded for 18.6 hours and the
concentration equivalent to 1.5 times MLC was exceeded for 13.5 hours (Schuldt et al.
1996).  In this same study, there was no mortality noted for caged redhorse suckers (not
identified to species) held in a treatment of the Shiawassee River, Michigan; the stream
MLC was exceeded for only 3.0 hours in this treatment.  Boogaard et al. (in review) found
white suckers to be intermediate in sensitivity, and more resistant to the TFM/1%
niclosamide mixture of than to TFM alone (Table VII-17).

Quillback have been a sucker species of concern regarding potential application of
lampricides in the Winooski River.  It is possible that quillback may experience limited
mortality if exposed to typically used lampricide stream treatment concentrations, based on
treatment-related mortality observations of other sucker species.  This species is
uncommon, but widespread in Lake Champlain, with recorded observations in all basins
except for the South Lake.  The Winooski River is the only documented spawning area,
based on presence of young-of-year, however (Anderson 1986).  The quillback was listed as
threatened in Vermont in 1987, mainly due to concerns about the effects from potential
lampricide use in the Winooski River.   This species was de-listed in 1994, however. 

Although quillback are relatively common in the Great Lakes drainage, only one treatment
in the Service’s Great Lakes nontarget database resulted in documented mortality.  In 1988,
nine quillback were noted among a fish kill of an estimated 8,000 fish of several species
following treatment of the Pine River, Michigan (tributary to Saginaw River, Lake Huron). 
The pre-determined target TFM concentration for this treatment was overestimated, being
1.8 times the sea lamprey MLC based on the current pH chart (Appendix D), which had not
yet been developed (John Weisser, USFWS, Marquette, Michigan, personal
communication).



155

Darters

Logperch are known to be sensitive to TFM.  Neuderfer (1987) found significant logperch
mortality in a static TFM toxicity test and concluded that substantial losses may occur from
stream treatments.  Dahl and McDonald (1980) indicated that logperch are sometimes
adversely affected during Great Lakes tributary treatments.  However, cage studies (Table
VII-16) showed moderate losses in only two out of seven stream treatments (Schuldt et al.
1996).  The johnny darter and fantail darter also show some susceptibility to TFM (Dahl
and McDonald, 1980; Table VI-16).   

Weisser et al. (1994) collected 10 fish species, including fantail darter, johnny darter,
rainbow darter (Etheostoma caeruleum) and greenside darter (Etheostoma blennioides) from
the Grand River, Ohio and placed them in cages in the river three days prior to a TFM
treatment there in 1987.  The stream MLC was determined from the alkalinity prediction
chart (Appendix D).  Control cages were placed upstream of the application point and the
treatment cages were placed in a section of the river that received an average concentration
of 1.3 times MLC for 10 hours.  All of the caged darters survived the treatment (Table VII-
19). 
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Table VII-19.  Number of fish caged in treatment and control sites in the Grand River in Lake County,
Ohio, 3 days before a TFM treatment and the number live after the treatment, April 26-27, 1987.  The
average TFM concentration at the treatment site was equivalent to 1.3 times the sea lamprey MLC for 10
hours.  From Weisser et al. (1994).

Treatment Site Control Site

Species
Number
Caged 

Number
Live

Number
Caged

Number
Live

Central stoneroller 9 9 9 9

Common shiner 19 18 11 11

Hornyhead chub 14 14 8 8

Rosyface shiner 3 3 2 2

Bluntnose minnow 4 4 6 5

Rock bass 6 6 3 3

Greenside darter 9 9 3 3

Rainbow darter 6 6 13 13

Fantail darter 21 21 16 16

Johnny darter 3 3 7 7

Logperch mortality was frequently observed in 14 of 24 stream treatments during the
experimental program (Table VII-14).   Tesselated darter mortality was also observed in
most treatments, but in much lower numbers than logperch (Table VII-14).  Most darter
mortalities occurred in stream sections directly below TFM application points, in isolated
areas where the chemical was not uniformly mixed in the water column (Fisheries
Technical Committee 1999).  Since both species are common and abundant throughout the
Lake Champlain Basin, no significant population-level impacts are anticipated from
continued lampricide use.  

The eastern sand darter (T-NY, T-VT) has been shown to be one of the more TFM-resistant
darter species.  Neuderfer (1987) assessed eastern sand darters, collected from the
Lamoille River, Vermont, in a laboratory static TFM toxicity test and concluded that little,
if any mortality would be anticipated from treatments in tributaries which contain sand
darters at concentrations of up to1.5 times MLC.  In 2000, a flow-though toxicity test
conducted in a mobile laboratory on the Poultney River using eastern sand darters collected
from the Grasse and St. Regis Rivers, New York, resulted in a NOEC of 1.5 times the sea
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lamprey MLC (Neuderfer 2000a). 

Four cage studies assessed impacts to eastern sand darters collected from the Lamoille 
River, Vermont, and held in cages in TFM treatments of Lewis Creek in 1990 and 1994, and
the Poultney River in 1992 and 1996 (Table VII-20).  No mortality was noted for 59
eastern sand darters exposed to 1.3 times MLC in the 1990 Lewis Creek treatment
(Anderson 1991; MacKenzie 1991).  In the 1994 Lewis Creek Treatment, 2 of 14 eastern
sand darters exposed to 1.1 times MLC died, and another one was missing at the end of the
treatment (Neuderfer 1995; MacKenzie 1995).   There were external signs of physical
stress on one of the fish in the treatment group, which may have contributed to the observed
mortality (MacKenzie 1995).  Caged eastern sand darters held in the Poultney River during
TFM treatments in 1992 and 1996 resulting in no mortalities (Anderson 1993; Neuderfer
1997b).  No mortality of resident eastern sand darters was observed during post-treatment
mortality surveys following these treatments as well (Fisheries Technical Committee
1999).

Table VII-20. Number of eastern sand darters caged in treatment and control sites before experimental
program TFM treatments in Lewis Creek and the Poultney River, and the number live after the treatment.
Eastern sand darters used in these cage studies were collected in the Lamoille River, Vermont.  

Stream Year Cage
Location

Average TFM 
Concentration 

Number
Caged

Number 
Live

Lewis Creek 1990 Treatment 1.3 x MLC for 10 hoursa 20 20

Control 0 59 59

1994 Treatment 1.1 x MLC for 11 hoursa 14 11d

Control 0 13 13

Poultney River 1992 Treatment 0.8 x MLC for 9 hoursb 24 24

Control 0 24 24

1996 Treatment 1.0 MLC for 8 hoursc 24 24

Control 0 16 16
a Stream MLC determined from alkalinity prediction chart (Appendix D)
b Stream MLC determined from pH/alkalinity prediction chart (Appendix D)
c Stream MLC determined from a pre-treatment toxicity test.
d Two eastern sand darters were dead and one was missing after treatment. The missing fish apparently escaped at one of the
observation checks.     There were external signs of physical stress on one of the fish in the treatment group, which may have
contributed to the observed mortality         (MacKenzie 1995). 



158

In 1996, a flow-through TFM toxicity test at the Poultney River was performed on channel
darters collected from the Kentucky River, Kentucky.  The NOEC was between 1.0 and 1.1
times the sea lamprey MLC; however, the test specimens were stressed and in poor health
as a result of their handling and transport from Kentucky (Neuderfer 2001).  A flow-
through channel darter toxicity test was repeated in 2000 at the Poultney River with the
same methodology used as in the 1996 study and channel darters collected from the Grasse
and St. Regis Rivers, New York.  The resulting NOEC from this test was 1.2 times the sea
lamprey MLC (Neuderfer 2000b).  Caged channel darters were also exposed to the 2000
TFM treatment in the Great Chazy River conducted by NYSDEC.  The caged darters were
exposed to a TFM block averaging 1.4 times the sea lamprey MLC, which resulted in 34%
of them being killed.  This result was consistent with the laboratory toxicity data obtained
in 2000 (Neuderfer 2000c).   

Walleye

There has been some concern about the toxicity of TFM to walleye, particularly if TFM is
applied during spring walleye spawning run or egg hatching periods.  Seelye et al. (1987)
tested the toxicity of TFM to walleye eggs, sac fry and swim-up fry in the laboratory.  They
found that the LC25 for walleye gametes exposed to TFM during fertilization was 4.1 times
the sea lamprey MLC, while this differential was lower for newly fertilized eggs at 2.6
times MLC.  Eyed eggs were very resistant to TFM with an LC25 exceeding 14 times MLC;
sac fry and swim-up fry produced LC25 to sea lamprey MLC ratios of 3.9 and 2.5,
respectively.  The authors concluded that routine TFM treatments during walleye spawning
periods are unlikely to adversely affect early life stages of walleye.   Juvenile walleye were
found to be moderately tolerant to TFM and somewhat more tolerant to the TFM/1%
niclosamide combination (Table VII-17).

Cyprinids

Minor kills of various species of minnows have been commonly encountered during stream
treatments, often directly below application points.  Dahl and McDonald (1980) found that
common shiner, blacknose dace, longnose dace and spottail shiner were most commonly
observed cyprinid mortalities in Great Lakes treatments.  Bluntnose minnow, blacknose
dace and longnose dace suffered the heaviest overall losses from Lake Champlain
experimental program treatments (Table VII-14), while mortalities of 13 other cyprinid
species were identified in small numbers (Fisheries Technical Committee 1999).   

Applegate and King (1962) studied the toxicity of TFM to both larval sea lampreys and 11
fish species.  In this study, 24-hour LC25's for blacknose shiners, golden shiners and fathead
minnows ranged from 3.2 to 4.1 times the 24-hour sea lamprey MLC.  
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Five of the ten fish species caged during the 1987 Grand River, Ohio TFM treatment
(Weisser et al. 1994) were cyprinids.  All the caged rosyface shiners, bluntnose minnows,
central stonerollers (Campostoma anomalum) and hornyhead chubs (Nocomis biguttatus)
survived the treatment, while 18 of 19 caged common shiners survived  (Table VII-19).

The blackchin shiner is of potential concern due to its general rarity and relatively limited
distribution in the Lake Champlain basin, including the Poultney River and Indian Brook
(Table VI-4).  It currently has no legal status in New York or Vermont.  No blackchin shiner
mortality was documented during the two experimental program TFM treatments of the
Poultney River, or from any other treatment.  A search of a comprehensive Great Lakes
nontarget mortality database found no record of documented blackchin shiner mortality
(John Weisser, USFWS, Marquette, Michigan, personal communication), and this species
ranges widely throughout the Great Lakes drainage (Gilbert 1980) 

Comparison of TFM and TFM/Bayluscide Toxicity to Fishes

Boogaard et al. (in review) compared the toxicity of TFM with the combination of TFM/1%
Bayluscide to a wide range of nontarget fish species in continuous flow-though tests in the
laboratory and in field (streamside) environments.  Comparisons of the two formulations
for most species have been discussed above.  The authors concluded that the combination
had similar effects on nontarget fish relative to sea lamprey MLC’s as did TFM.  
 

Wetland Fishes

Table VII-21 is included in this analysis for the primary purpose of showing that effects of
toxicity to fish does not increase appreciably from extended exposure to TFM (96 hours). 
This provides a basis for determining the effects to fishes of extended exposure to TFM in
areas where the lampricide is present but where water circulation and/or flushing may be
poor.  The data in Table VI-21 generally suggest that if TFM does infiltrate wetland fish
habitats, consequences to wetland fish would be minimal as there is not much change in
LC50's between 24 and 96 hours of exposure.  Dye studies conducted by Gruendling and
Bogucki (1986) revealed that entrapment of lampricides in wetlands for extended periods
was not likely to occur.  Studies showed that dye did not penetrate deeply into emergent
wetlands and that concentrations dissipated rather quickly.  Conclusions of  the dye
simulation studies were reinforced by Gruendling and Bogucki (1993b), who found that
TFM treatments of the Ausable and Little Ausable Rivers resulted in only low level TFM
exposure to emergent wetlands near their mouths, which dissipated to trace levels within
three days (See Section VII.A.1.c.).
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Toxicity of TFM Metabolites and Other Ingredients of the TFM Formulation

Table VII-22 summarizes static toxicity tests done on rainbow trout with reduced TFM
(RTFM), which is one of the main biotransformed derivatives of TFM which are released in
the water.  It can be seen that RTFM poses relatively little threat to fish. 

Adverse impacts on fishes, if any, from other ingredients in the TFM or TFM/niclosamide
formulations, are included as a component of the overall adverse impact of these products
on fishes as discussed above.  See also discussion by Engstrom-Heg (1989) which
indicates that isopropanol has a very low toxicity to fish.
Bayluscide Treatments on Lake Deltas and Selected Stream Sections

Mortalities to nontarget fish in granular Bayluscide treatments of the five Lake Champlain
deltas  were distributed over 27 identified species.  Qualitative post-treatment shoreline
surveys and offshore surveys by boat revealed that most of the mortalities were banded
killifish, mimic shiner, spottail shiner and very small unidentified fish (probably a
combination of juvenile killifish and minnows), most of which were in shallow near-shore
areas.  Visual estimates of fish mortality from the nine treatments (five in 1991 and four in
1995) totaled approximately 179,000 individuals, but most were very small (less than 4 cm
total length) and the biomass lost was considered to be biologically insignificant when
compared to the fish biomass in the Lake Champlain shoreline habitat not treated (Fisheries
Technical Committee 1999).    
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Table VII-21.  Toxicity of field grade TFM (35.7% active ingredient) over time to fingerling rainbow
trout at selected temperatures, hardnesses, and pH’s (modified from Marking and Olson 1975).

Temp.
(EEC)

Water
Hardness pH

LC50 (mg/L) at

1 h 3 h 6 h 24 h 96 h

7 Soft 7.5 10.2 6.68 4.78 4.37 3.68

12 Soft 7.5 5.83 4.83 4.46 3.83 3.83

17 Soft 7.5 4.10 3.40 3.40 2.79 2.37

12 Very Soft 6.6 3.77 3.27 - - -

12 Hard 7.8 50.3 26.0 19.0 14.1 8.38

12 Very Hard 8.2 88.3 45.9 36.6 27.2 19.0

12 Soft 6.5 4.12 2.82 2.56 2.52 2.52

12 Soft 8.5 74.0 42.4 36.7 20.5 -

12 Soft 9.5 >300 270 239 230 -

Table VII-22.  Toxicity of reduced TFM (RTFM) to fingerling rainbow trout in standard, reconstituted
water at 12EC (modified from Marking and Olson, 1975).

Water
Hardness

LC50 (mg/L) at

24 h 48 h 96 h

Very Soft 30.0 30.0 29.0

Hard 64.0 60.0 49.0

Very Hard 52.0 50.0 48.0

In SCUBA transects following the 1982 Bayluscide treatment of a 101 acre plot in Seneca
Lake, 192 johnny darters were observed dead along with 22 sea lamprey ammocetes. 
Shoreline collections were substantially greater, with some 700 specimens observed as
nontarget mortalities including (in descending order of abundance) silvery minnow, brown
bullhead, banded killifish, smallmouth bass, spotfin shiner, white sucker, bluntnose
minnow, hog sucker, largemouth bass, chain pickerel, and johnny darter.  Most of that
mortality was in the heated discharge (80EF) of a power plant.  This may have an additive
effect on toxicity as well as increasing the solubility of Bayluscide.  The remainder of the
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shoreline collections were adjacent to shallow (3-4 ft) water where there appeared to be a
"hot spot" of high Bayluscide concentrations through the entire water column (Table VII-10,
Station F).  During the 1986 Bayluscide treatment of the same plot, a very minor nontarget
fish mortality occurred.  It was limited almost entirely to the heated discharge area, with
negligible numbers collected elsewhere (Engstrom-Heg 1983). 

Native lampreys are sensitive to Bayluscide, but were not collected during extensive
Bayluscide sample plot surveys for sea lampreys in the Lake Champlain deltas prior to the
experimental program.  However, large numbers of American brook lamprey were killed on
the Ausable River delta during both experimental program treatments in 1991 and 1995
(Fisheries Technical Committee 1999).  American Brook lamprey were also collected on
the Ausable River delta in a 1993 sea lamprey assessment survey using the same Bayluscide
sampling method (NYSDEC, Ray Brook, New York, unpublished data).  It is plausible that
many larval American brook lamprey were driven out of the Ausable River by TFM blocks
from the 1990 and 1994 stream treatments, where they recovered and re-burrowed on the
delta.

Adverse impacts on fishes, if any, from other ingredients in the Bayluscide granule
formulation are included as a component of the overall adverse impact of this product on
fishes as discussed above.

Trapping 

Some smaller fish may be captured in spawning-phase sea lamprey traps and occasionally
die from stresses within them, but most are released unharmed.  Thus, significant impacts
on nontarget fish are not expected.

Barriers

Impacts to fish by barriers primarily include the blocking of fish migrations and other in-
stream movements of fish (Noakes et al. 2000).  Porto et al. (1999) found that a
significantly lower proportion of fishes moved across a real barrier on barrier streams than
across a hypothetical barrier point on reference streams.  The upstream decline in species
richness was greater for barrier streams than for reference streams in spring, summer, and
fall. 

Dodd (1999) studied 24 pairs of Great Lakes streams, each pair included one stream with a
low-head sea lamprey barrier dam and a nearby reference stream without a barrier.  Barrier
streams generally had a greater species richness than reference streams, with peaks in
species richness directly downstream of the dams, but sharp declines in species richness
above dams, which indicates a blocking of fish movement upstream.  Barrier streams were
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more dissimilar in species composition between above and below sections relative to
reference streams.  On average, 2.5 fish species were lost above barriers, with sea lamprey,
yellow perch and trout-perch most commonly absent.  Logperch were also negatively
impacted by barriers in terms of frequency of occurrence, abundance, and average size. 
Dodd’s (1999) findings indicate that low-head sea lamprey barriers result in a biologically
minor impact on the fish community of barrier streams.  This is also considered a worst
case evaluation, since only one of the barriers had a mechanical adjustable crest while the
others were fixed crest, and also because these barriers had no fish passage facilities
installed (Ellie Koon, USFWS, Ludington Michigan, personal communication).

Noakes et al. (2000) found that abundance of some fish species, including white sucker and
brown bullhead, was positively affected by barrier dams, suggesting that barriers create
favorable habitat for these species immediately upstream or downstream of the structure or
serve as refuge from migratory predators.  Abundance of American and northern brook
lampreys was also greater above barriers, which the authors suggested was due to barriers
acting as refuge from lampricide use and/or competition from sea lamprey.   

h.  Amphibians

Stream Lampricide (TFM or TFM/Niclosamide) Treatments

Certain life stages of amphibians can be sensitive to TFM and losses can be expected for
any gill breathing aquatic forms present in tributaries during treatments.  Mortalities of
mudpuppies and frog tadpoles have been commonly observed in lampricide treatments of
Great Lakes tributaries (Gilderhus and Johnson 1980).  Frog tadpoles, mudpuppies, eastern
red-spotted newts and two-line salamanders dominated amphibian nontarget mortality
counts from Lake Champlain experimental program TFM treatments and later TFM
treatments of New York streams  (Fisheries Technical Committee 1999; NYSDEC, Ray
Brook, New York, unpublished data; Tables VII-23, VII-24 and VII 25).  Fisheries Technical
Committee (1999) incorrectly reported losses of dusky salamanders from the 1991 Stone
Bridge Brook treatment, which have subsequently been correctly identified as two-lined
salamanders (Jim Andrews, Middlebury College, Middlebury, Vermont, personal
communication).   

Mortalities of frog tadpoles were most frequently reported in Great Lakes treatments
during late spring and early summer (Gilderhus and Johnson 1980).  Gruendling and
Bogucki (1986) anticipated that some tadpole mortality would occur during late
summer/fall treatments of Lake Champlain tributary TFM applications, but concluded that
the expected losses should not have serious ecological implications.  Tadpole mortality
was minor during the experimental program, except in three of the 24 TFM treatments
where more than 50 dead individuals were found (Table VII-23).  The two treatments of the
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Great Chazy River, which has extensive vegetated pool habitat accounted for 93% of the
tadpole mortalities observed during the experimental program (Fisheries Technical
Committee 1999). 

In laboratory static and flow through toxicity tests with TFM in soft water (total hardness=
44 mg/L CaCO3 and pH=6.8 to 7.0), Chandler and Marking (1975) obtained 96-hour LC50's
of 1.98,2.76, and 3.55 mg/L for tadpoles of gray tree frog, leopard frog and bull frog,
respectively.   In comparison, Dawson et al. (1975) determined a 96-hour LC50 of 0.57
mg/L for sea lamprey larvae under the same water chemistry conditions as in the Chandler
and Marking (1975) study.  In experimental TFM applications in fish culture ponds,  Kane
et al. (1985) and Kane and Johnson (1989) found that frog eggs, green frog tadpoles and
young-of-year bullfrog tadpoles were more sensitive to TFM than second year bullfrog
tadpoles.  More recently, Johnson and Stephens (in review) found LC50's of green frog
tadpoles to be about 2.4 times that of sea lamprey larvae in flow-through TFM toxicity tests
conducted on-site at the Bad River, Wisconsin.  Breisch (1996) observed numerous living
frog adults and tadpoles and small numbers of dead tadpoles in post-treatment assessments
of the Ausable and Little Ausable Rivers in 1990.

In contrast to earlier treatments, higher rates of mortality were observed among tadpoles in
the 1999 TFM treatment of the Ausable River (Tables VII-24 and VII-25).  A large portion
of the mortality was noted in a section through which the TFM block traveled in early
morning darkness hours.  Stream pH during these hours may have been lower than that
encountered during the pre-treatment toxicity test, causing increased TFM toxicity. 
Weather conditions on the following morning were overcast and rainy, keeping pH
depressed and toxicity high.  Another possible reason for the observed level of mortality
was low river discharge that resulted in isolated pools with slowly-moving water along
substantial portions of the river’s course.  Discharge was so low that the channel leading to
the Lower Mouth was completely isolated from the river’s main-stem by a sand bar.  Until
the channel reached lake level, it contained large, shallow pools of water.  The isolated
pools along the main-stem and in the channel leading to the Lower Mouth required
secondary application of TFM with backpack spray units.  Little flowing water in these
pools may have resulted in longer than anticipated exposure to TFM concentrations. 
Assessment crews observed live tadpoles in both the section from which a large portion of
the mortality was noted and in the channel leading to the Lower Mouth.
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Table VII-23.  Mortality counts resulting from routine surveys for nontarget amphibian species
associated with 24 TFM treatments of Lake Champlain tributaries during the 1990-1997 experimental sea
lamprey control program.  Additional mortalities observed as a result of special effort studies are reported
separately in Table VII-25.

Species/stage
Observed 
Mortality
Count

Number
Streams 
with
Observed
Mortality

Number
Treatment
s 
with
Observed 
Mortality

Number
Treatment
s with >50 
Dead
Individuals

Number
Dead per
Stream
Mile
Treateda

Frog/tadpole (Rana sp.) 5,461 7 10 3 62.5

Unidentified salamanderb 1,832 9 15 3 14.5

Red-spotted newt 362 1 2 2 124.8

Mudpuppy 91 4 6 0 1.8

Two-line salamanderc 41 2 3 0 7.1

Frog/adult (Rana sp.) 34 7 9 0 0.3

North. spring salamander 0 0 0 0 0.0

Dusky salamander 0 0 0 0 0.0
a Based on total stream mileage exposed to TFM for streams where mortality was noted for the species during at least one treatment.
For                  example, 6.1 miles of the Little Ausable River were exposed to TFM twice from 1990-1997 for a total of 12.2 miles. 
No tadpoles were          observed dead after the first treatment, but six were observed dead after the second.  The number dead per
stream mile treated in this example        is 6/12.2=0.5.
b Unidentified salamanders are likely to include mudpuppy and two-line salamander.  A sample from 1,651 specimens enumerated
from the             1992 and 1996 Great Chazy River treatments (Fisheries Technical Committee 1999) was identified by Breisch
(2000a) to contain only           mudpuppies; samples from the remainder were found to be a combination of mudpuppies and two-lined
salamanders Breisch (1996).
c Includes 14 specimens initially misidentified as dusky salamanders in Fisheries Technical Committee (1999).
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Table VII-24.  Mortality counts resulting from routine surveys for nontarget amphibian species
associated with eight TFM treatments of Lake Champlain tributaries during the 1998-2000 period. 
Additional mortalities observed as a result of special effort studies are reported separately in Table VII-
25.

Species/stage

Observed 
Mortality
Count

Number
Streams 
with
Observed
Mortality

Number
Treatment
s 
with
Observed 
Mortality

Number
Treatment
s with >50 
Dead
Individuals

Number
Dead per
Stream
Mile
Treateda

Frog/tadpole (Rana sp.) 4,144 4 4 3 206.2

Two-line salamander 687 6 6 4 24.6

Red-spotted newt 190 2 2 1 44.2

Mudpuppy 160 2 2 1c 10.7

Unidentified salamanderb 30 4 4 0 2.0

North. spring salamander 9 2 2 0 1.3

Frog adult (Rana sp.) 3 1 1 0 0.4

Dusky salamander 2 1 1 0 0.3
a Based on total stream mileage exposed to TFM only for treatments conducted from 1998-2000 in which mortality was noted for the
species.
b Unidentified salamanders during the 1998-2000 period were  mostly specimens that were observed, but unable to be collected due to
water            depth; or  recorded as collected, but determined missing in the laboratory setting.
c If mudpuppies collected in special effort studies had been included in this table, this value would be 2.  The other values in this
column would       remain  unchanged regardless of whether special study specimens were included.

Table VII-25.  Mortality counts for non-target amphibian species resulting from special effort studies
following the 1990 TFM treatment of the Little Ausable River and the 1990, 1994 and 1999 TFM
treatments of the Ausable River.  Mortalities observed as a result of routine surveys are reported
separately in Tables VII-23 and 24.

Species/stage
Little Ausable Ausable 

Total
 1990 1990  1994 1999 

Frog tadpole (Rana
sp.) 

25 32 0 3,493 3,550

Mudpuppy 0 24 40 145 209

Two-line salamander 6 0 0 29 35
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The toxicity of TFM and TFM/1% niclosamide treatments to adult mudpuppies was
investigated with continuous flow-through toxicity tests in the laboratory (Boogaard et al.
in review).  Mudpuppies and sea lamprey ammocoetes were exposed together in each test
to enable direct comparisons of toxicity.  Mudpuppies were 2.3 to 2.4 times more resistant
to TFM, and 2.2 to 2.5 times more resistant to TFM/1% niclosamide, than were the sea
lamprey, based on a comparison of estimated 12-h LC50's for each species (Table VII-26). 
The NOEC’s were 1.6 times greater than observed sea lamprey MLC’s in tests with TFM,
and were 1.5 times greater in tests with TFM/1% niclosamide (Table VII-26).  As with
invertebrates and fishes tested, the similarities between relative toxicity of TFM and the
TFM/niclosamide mixture to mudpuppies suggest that the effects of TFM/niclosamide on
other amphibian species should not markedly differ from the effects of TFM . 

The above toxicity results suggest that lampricides applied to streams at concentrations
equivalent to 1.5 times MLC should not affect mudpuppies.  However, mudpuppy
mortalities were noted in some TFM treatments of Lake Champlain tributaries during the
experimental program (Fisheries Technical Committee 1999) and in the third round of
treatments in New York streams (NYSDEC, Ray Brook, New York, unpublished data),
where most TFM concentrations were at or below 1.5 MLC.   The following factors may
explain this discrepancy: 

The mudpuppies tested by Boogaard et al. (in review) were purchased from a commercial
bait wholesaler and held in the U. S. Geological Survey Upper Midwest Environmental
Sciences Center (UMESC) aquaculture facility for one month before the lampricide
exposure to assess their overall health.   The facility’s fish culturist determined when they
were acceptable for use, in conformance with established animal care and health guidelines. 
This suggests that the test animals were in excellent physical condition.  Some portion of
wild mudpuppy populations, as well as populations of other species, can be expected to be
stressed by natural environmental factors such as disease, parasites, injuries, or due to
mating or spawning behavior, and therefore may die from exposure to lower lampricide
concentrations than were observed in controlled laboratory tests with healthy captive
animals.  Thus, it is likely that many of the mudpuppy mortalities observed in Lake
Champlain treatments were already stressed to some degree, while the majority of the
population in better health were not affected. 
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Table VII-26.  Toxicity of TFM and  TFM/1%  niclosamide (as TFM) to adult mudpuppies and sea
lamprey ammocoetes (from Boogaard et al. in review).

Lampricide
Tria

l
Mudpuppy
12-h LC50

(mg/l)

Sea Lamprey
12-h LC50

(mg/l)

Mudpuppy
12-h NOEC

(mg/l)

Sea Lamprey
12-h NOEC

(mg/l)

TFM 1 3.60 1.57 3.3 2.1

2 3.60 1.47 2.7 1.7

TFM/1%
niclosamide

1 2.11 0.95 1.8 1.2

2 2.15 0.86 1.8 1.2

Differences in observed mudpuppy mortality between stream treatments and laboratory
exposures may also be due to diurnal pH fluctuations, which are common in natural stream
systems.  The streams where most post-treatment mudpuppy mortalities were observed also
tended to have substantial diurnal pH shifts, sometimes approaching + 0.5 pH units in a 24-
h period (NYSDEC, Avon, New York,  unpublished data).  Stream water pH typically
increases during daylight hours and decreases at night.  The toxicity of a TFM block
increases as pH declines, so the block may sometimes become significantly more toxic for
short periods of time in the predawn hours, which may in turn may lead to somewhat greater
nontarget mortality than predicted.  In contrast, the pH of UMESC laboratory water source
was more stable, varying about + 0.25 pH units (Boogaard et al. in review).

No information from laboratory toxicity testing is available for juvenile mudpuppies. 
There is speculation that juvenile mudpuppies could be more sensitive than adults.  Large
proportions of juveniles relative to adults in age distributions sampled from nontarget
mortality collections from Lake Champlain TFM treatments (Breisch 1996, 2000a,
2000b).   It is also possible that 
these mortalities occurred in general proportion to the population’s natural age
distributions, but it would be difficult to verify since pre-treatment efforts to sample
mudpuppy populations in the Lake Champlain basin have been unsuccessful (Breisch 1996). 
Weisser et al. (1994) noted that 100% of caged mudpuppies greater than 50 mm in length
survived the 1987 TFM treatment of the Grand River, Ohio, at concentrations up to 1.3
times the sea lamprey MLC, determined by the alkalinity prediction chart (Appendix D), but
no caged mudpuppies less than 50 mm in length survived (Table VII-27).  The authors
suspected that the small cages confining the less than 50 mm-long mudpuppies may have
stressed them and contributed to their mortality, but since none of this size were held in
control cages upstream of the application point, the effect of holding conditions could not
be assessed.  The significance of the mortality results of each size class is limited by the
relatively small sample sizes of caged mudpuppies tested, particularly in the smaller size
classes (Table VII-27).   
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Matson (1990) sampled the Grand River mudpuppy population before and after the 1987
TFM treatment and did not find evidence of size-selective mortality.  In the same study,
Matson (1990) calculated mark and recapture population estimates in a 600-m reach of the
Grand River which showed a  minimum 29% decrease in mudpuppy abundance in 1988,
compared with a pre-treatment estimate in 1987.  This study did not include sampling of a
population in an untreated control site.  Therefore, the proportion of the population decline
attributed to the TFM treatment relative to natural year to year variability is unclear. 

Gilderhus and Johnson (1980) acknowledged that mudpuppy mortalities have been common
occurrences in Great Lakes lampricide treatments, and that they sometimes occured in
large numbers.  There is evidence that mudpuppy populations have persisted through
repeated treatments in the Great Lakes based on mortalities which have occurred in every
successive treatment.  There is no evidence that any Great Lakes tributary which has
received lampricide applications has lost its mudpuppy population over the more than 40-
year history of the program (John Weisser, USFWS, Marquette, Michigan, personal
communication).

Table VII-27.  Number of mudpuppies caged in one control and two treatment sites in the Grand River
in Lake County, Ohio, three days before a TFM treatment and the number live after the treatment, April
26-27, 1987.  The average TFM concentration was equivalent to 1.3 times the sea lamprey MLC for 10
hours at treatment site1, and reached 1.0 times MLC for 6.5 hours at treatment site 2.  From Weisser et
al. (1994).

Mudpuppy Control Site Treatment Site 1 Treatment Site 2

Size class Caged Live Caged Live Caged Live

<50 mm 0 0 3 0 2 0

51-199 mm 2 2 5 5 3 3

>199 mm 4 3 13 13 13 13

Similar to some Great Lakes tributaries, the Ausable and Great Chazy Rivers yielded
substantial  mortalities of mudpuppies each of the three times they were treated with TFM,
indicating that either individual treatment losses are not serious or large-scale recovery
occurred in the 4 to 5 year intervals between treatments (Fisheries Technical Committee
1999; NYSDEC, Ray Brook, New York, unpublished data; Tables VII-23, VII-24 and VII-
25).  Slight changes in size class distribution have been observed among dead mudpuppies
collected in successive treatments, which may be indicative of treatment-related effects on
mudpuppy populations (Alvin Breisch, NYSDEC, Delmar, New York, personal
communication.).  Natural variability in year class strength may also be a factor.
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Adverse impacts on amphibians, if any, from other ingredients in the TFM or
TFM/niclosamide formulations, are essentially included as a component of the overall
adverse impacts of these products on amphibians.

Bayluscide Treatments on Lake Deltas and Selected Stream Sections

Despite some sensitivity to niclosamide, observed amphibian mortalities during
experimental program delta treatments in Lake Champlain were rare, and limited only to
small numbers of frog tadpoles (Fisheries Technical Committee 1999; Breisch 1996). 
There were no losses of amphibians noted during the 1982 and 1986 Bayluscide treatments
at Seneca Lake (Engstrom-Heg 1983, Engstrom-Heg and Kosowski 1991).  

Most amphibians do not typically inhabit the types of open-lake habitat on the Lake
Champlain deltas which received Bayluscide treatments.  The possible exception is the
mudpuppy. Mudpuppy habitat is very diverse, including clear waters of lakes and streams,
muddy and weed-choked bays and coves, canals, and drainage ditches (Bishop 1943).  There
are reports of mudpuppies being caught by anglers in Lake Champlain (Alvin Breisch,
NYSDEC, Endangered Species Unit, Delmar, New York, personal communication; Chet
MacKenzie, VTDFW, Pittsford, Vermont, personal communication).  No mudpuppy
mortality was observed after any Lake Champlain delta Bayluscide treatment.  It is not
known whether they were absent from the treated delta areas or escaped impacts by
swimming up and/or out of the lethal concentrations.  

Adverse impacts on amphibians, if any, from other ingredients in the Bayluscide 3.2%
granule formulation, are included as a component of the overall adverse impacts of this
product on amphibians.

Trapping 

Several amphibian species may potentially be incidentally captured in spawning-phase sea
lamprey traps.  Mudpuppies, salamanders, frogs and toads are commonly noted incidental
catches in Great Lakes sea lamprey assessment traps.  A total of 4,370 amphibians  were
noted caught in 55,014 trap days on an average of 37.4 Great Lakes tributaries per year
from 1979 to 2000; 93 percent of these were released alive.  Mudpuppies comprised 86%
of all amphibians caught.  Mudpuppies were commonly noted in incidental catch data from
a trap at a site on the Grand River, Ohio, with 1,716 individuals captured from 1984 through
1999.  Only 19 (1.1%) of the mudpuppies captured during this period were killed as a result
of capture (U. S. Fish and Wildlife Service,  Marquette, Michigan, unpublished data). 

Nontarget catches in Lake Champlain sea lamprey assessment traps have not been well
documented.  Frogs appear to be the only commonly caught amphibian, and they are usually
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released alive (Wayne Bouffard, U. S. Fish and Wildlife Service, Essex Junction, Vermont,
personal communication).  

Barriers 

Barriers are not expected to adversely affect most amphibians.  There is the potential for
permanent low-head barriers to affect in-stream migratory movements of mudpuppies, but
the significance of such effects is unknown.  Impoundments by certain barriers may
enhance habitat for some amphibians.

i.  Reptiles

Stream Lampricide (TFM or TFM/Niclosamide) Treatments

No adverse effects are anticipated for reptiles (turtles, lizards and snakes) either through
direct exposure to treatment level concentrations of TFM or by eating organisms such as
lampreys, which are killed during treatment.  The major line of evidence to support this
conclusion is the absence of reports of adverse effects on reptiles in the Great Lakes
stream treatment impact summaries.  The latter are carefully compiled by sea lamprey
control personnel of the Service and the Department of Fisheries and Oceans, Canada
(Schnick 1972; Gilderhus and Johnson 1980).  No reptiles were observed to have been
affected by TFM treatments in the Seneca Lake and Cayuga Lake systems in New York
(Hulbert 1983; Kosowski et al. 1987; Chiotti et al. 1987), or during experimental program
treatments of Lake Champlain tributaries (Fisheries Technical Committee 1999) .   

Studies cited by the NRCC (1985) indicate that turtles are resistant to TFM as no
mortalities have been reported at exposure concentrations up to 10 mg/L.  One study
involved painted and snapping turtles, species which are present in the Lake Champlain
system.  Laboratory studies have not been conducted on snakes.  Because most are not
aquatic species, few except water snakes are expected to be exposed to TFM at all. 

Since no impacts of significance have been noted for reptiles from direct exposure to TFM
or TFM/niclosamide, none are expected from other ingredients in these formulations.

Bayluscide Treatments on Lake Deltas and Selected Stream Sections

No laboratory studies are available from which to determine the effects of niclosamide on
reptiles.  However, no adverse effects have been noted in Canada, where Baylucide 5%
Granular has been used at up to 200 lb/acre in habitats similar to those proposed for
treatment in Lake Champlain (Stanley Dustin, Department of Fisheries and Oceans, Sault
Ste. Marie, Ontario Canada, personal communication).  No affected turtles or snakes were
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observed in the two delta areas of Seneca Lake, New York treated with Bayluscide in 1982
and 1986 (David Kosowski, NYSDEC, Avon, New York, personal communication), or in
nine Lake Champlain delta treatments during the experimental program (Fisheries
Technical Committee 1999).  Both Seneca Lake treatment sites were offshore, in open-
lake habitat typically not associated with reptiles.  In Lake Champlain, delta areas proposed
for continued treatment with Bayluscide are, with one exception, located in open-lake
habitat with exposure to heavy wave action (Gersmehl and Baren 1985; Gruendling and
Bogucki 1986).  These areas are not considered typical habitat for reptiles although turtles
may occasionally move through them.  The Little Ausable River delta is much more
protected than the other deltas and contains some areas covered with dense growths of
aquatic vegetation in close association with emergents (Gruendling and Bogucki 1986). 
This area is probably more attractive to reptiles (particularly turtles) than the other deltas,
although information to confirm their presence is lacking.

Based upon the nature of the habitat proposed for treatment in Lake Champlain, it is
unlikely that significant numbers of reptiles will be exposed to niclosamide because they
are not expected to be present in much of the treated area.  Furthermore, extensive field
experience provides no evidence to suggest that reptiles are sensitive to or adversely
affected by niclosamide.  

Adverse impacts on reptiles, if any, from other ingredients in the Bayluscide 3.2% granule
formulation, are a component of the overall adverse impact of this product on reptiles. 
Since none have been noted over the history of Bayluscide use, none are expected.

Trapping

It is possible for water snakes and small turtles to occasionally become trapped and die in
spawning-phase sea lamprey traps.  The Service recorded 188 snakes (most identified as
northern water snakes) in 55,014 trap days on an average of 37.4 Great Lakes tributaries
per year from 1979 to 2000; 176 (94%)of these were released alive.  During this same
period, 310 turtles were caught (most identified as snapping turtles), and 304 (98%)of
these were released alive    (U. S. Fish and Wildlife Service,  Marquette, Michigan,
unpublished data). 

Barriers

Construction and operation of sea lamprey barrier dams are not expected to have any
adverse impacts on reptiles.  Small impoundments behind low-head barrier dams may
enhance habitat for turtles.
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j.  Birds

Stream Lampricide (TFM or TFM/Niclosamide) Treatments

TFM is not expected to cause adverse effects on birds either through direct exposure to
treatment level concentrations or by eating organisms killed during treatment.

A study by Hudson (1979) determined that the LD50's of field grade TFM for mallards, ring-
billed gulls and California quail were 308, 250 and 546 mg/kg, respectively.  These levels
are much higher than those that could be encountered by drinking treated water or by eating
invertebrates affected by a TFM treatment.  Biomagnification of TFM in invertebrates
studied is quite low (Sanders and Walsh 1975; Maki and Johnson 1977).

In water exposure tests, Hudson (1979) found that 6-8 week-old mallards were unaffected
after 48 hours in a 5 mg/L TFM solution.  However, they showed some signs of
intoxication at 15.8 mg/L (higher than maximum treatment levels experienced for Lake
Champlain tributaries), and stronger signs of toxicity at 50 mg/L, although none died. 
Symptoms included a mild lack of coordination and lethargy at 15.8 mg/L, with increased
effects at 50 mg/L.  The birds returned to normal when placed in fresh water.  Year-old
ducks were unaffected at 50 mg/L.

Gulls have been observed feeding heavily upon dead and dying sea lamprey ammocetes
during TFM treatments (Moffett 1958; Chiotti et al. 1987).  Chiotti et al. (1987) reported
that mallards, as well as gulls, fed heavily upon sea lamprey ammocetes which were
surfacing in lower Cayuga Inlet during the 1986 treatment.  Similar avian feeding events
were noted during several Lake Champlain experimental program treatments, particularly at
the mouth of the Saranac River in 1992 (Fisheries Technical Committee 1999).  No
mortalities or unusual behavioral patterns were noted for birds involved in these feeding
events. 

These observations are consistent with the conclusions drawn by Gilderhus and Johnson
(1980) and EPA (1999).  Namely, vertebrates other than fish and amphibians have not been
observed to be affected by lampricide treatments for sea lamprey control.  As was noted in
the preceding discussion on reptiles, observations for TFM-related mortalities of large
nontarget organisms are routinely made and recorded by treatment personnel.

The combination of laboratory studies and field surveys during treatments leads to two
conclusions:  (1)  That birds are quite resistant to TFM, and (2) That after more than 40
years of use in more than 2,600 stream treatments, there is no evidence to indicate that any
species of birds have been adversely affected by exposure to TFM or the TFM/niclosamide
combination.  EPA (1999) concluded that, based on the available toxicity data, use of
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lampricides pose very little risk from either acute oral, acute dermal, subacute dietary
exposure or chronic exposure to birds.

Since no impacts of significance have been noted for birds from direct exposure to TFM or
TFM/niclosamide, none are expected from other ingredients in these formulations. 

There is slight potential for treatment effects on birds through temporary adverse impacts
in localized areas from TFM to fishes or aquatic invertebrates which serve as their food
supply.  This could include fish-eating birds such as herons, ducks and kingfishers or those
species that feed upon aquatic invertebrates, especially the broad-billed ducks.

The most probable impacts of lampricides to fishes and invertebrates are expected to occur
in streams during  treatment.  Stream-dwelling organisms will be exposed to treatment
levels of TFM or TFM/niclosamide for the 12-hour application period and for an additional
period of a few days of lesser concentrations until the lampricide block completely clears
the stream and enters the lake.  No impacts are expected in the lake due to rapid dilution
and dispersion of the TFM plume.  This was confirmed by TFM treatment simulation
studies using Rhodamine WT dye on seven Lake Champlain streams in the late spring and
summer of 1986 (Myers 1987a; Laible and Walker 1987), and by post treatment
monitoring during the experimental program (Gruendling and Bogucki 1993b).

Because fish losses during stream treatments are typically minor, and because repopulation
will quickly occur from surviving stocks and/or through migration from untreated adjacent
areas, any impact upon the food supply for fish-eating birds is expected to be insignificant.

As previously discussed, stream treatment effects on invertebrates are extremely variable. 
The greatest impacts will occur to sensitive species exposed to treatment or near-treatment
concentrations for the longest period of time.  This occurs within stream channels and near
stream mouths.  Impacts in the lake, within the lampricide plume area, are negligible as a
result of rapid dilution and dispersion of the chemical (Myers 1987a; Laible and Walker
1987; Gruendling and Bogucki 1993b).

TFM or TFM/niclosamide impacts to stream-dwelling invertebrates are not expected to
significantly limit food availability to birds (particularly ducks) for several reasons.  First,
most invertebrate forms will not be significantly affected by treatment concentrations (see
discussion in Section VII.A.1.f.); second, recovery of affected invertebrate populations is
expected to be rapid (see discussion in Section VII.A.1.f.); and third, the organisms most
likely to be affected by treatments are generally minor constituents of the invertebrate
components of bird diets (see discussion below under Bayluscide).

Impacts on invertebrate food supplies for ducks in wetlands exposed to TFM are also be
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expected to be very minor to negligible.  The study by Gruendling and Bogucki (1993b)
revealed that TFM treatments of the Ausable and Little Ausable River deltas did not cause
significant impacts to invertebrate communities on the deltas of these rivers and their
associated wetlands.

Bayluscide Treatments on Lake Deltas and Selected Stream Sections

No adverse effects are anticipated for birds exposed to treatment level concentrations of
niclosamide or to those which eat organisms killed by Bayluscide treatments.  EPA (1999)
concluded that use of Bayluscide posed very little risk to birds.  

Laboratory studies show that birds are very tolerant of niclosamide.  Hudson (1979)
provides the following information on acute oral toxicities (LD50's, or dose that would
cause death in 50 percent of animals tested) for three species:  mallard ducks - greater than
2000 mg/kg; ring-billed gulls -500 mg/kg and bobwhite quail - greater than 2000 mg/kg. 
These values are from 900 to 3500 times greater than the maximum concentration of
Bayluscide in water (0.573 ppm), and from 600 to 2300 times greater than the maximum
concentration of Bayluscide found in muscle tissue of caged fish (0.858 ppm) during the
1982 treatment at the Dresden site in Seneca Lake (Ho and Gloss 1987).  Thus, birds
exposed to levels of niclosamide associated with approved field application rates of
Bayluscide granules are not expected to be harmed.  This was confirmed during the 1982
and 1986 treatments at Dresden, and the 1991 and 1995 treatments in Lake Champlain,
where 100 lb/acre of formulation was used in the treatment.  Gulls were observed feeding
heavily upon surfacing sea lamprey ammocetes.  No signs of chemical intoxication or
mortality were noted either from eating ammocetes or from frequent exposure to water
containing niclosamide for a period of several hours.
 
Hubert et al. (1999) analyzed niclosamide residues in sea lamprey ammocetes exposed to
Bayluscide in the laboratory to simulate conditions of a planned application in the St.
Marys River, which connects Lakes Superior and Huron.  They addressed concerns that
common terns may receive harmful doses of niclosamide from feeding on sea lamprey
ammocetes killed by the treatment.  It was concluded that a tern, with a body mass of
approximately 135 grams, would have to consume approximately 2269 g of ammocoete
tissue (1,801 ammocetes), or 16.8 times its body mass , at one feeding, to receive the
expected LD50. 

Since no impacts of significance have been noted for birds from direct exposure to
Bayluscide formulations, none are expected from other ingredients in these formulations.

Because niclosamide is expected to kill some fish and aquatic invertebrates under
treatment conditions, there could be a localized but temporary reduction in the food supply
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for several species of birds.  Those potentially affected by late summer or early fall
treatments include fish-eaters such as herons, kingfishers and mergansers and those which
utilize invertebrates, including diving and puddle ducks.  With regard to the latter group, it
is well established that aquatic invertebrates are very important in the diets of breeding
females and young ducks during the spring and summer ((Bartonek and Hickey 1969; Krapu
1974; Landers et al. 1977).  The relative importance of plant material in diets of some duck
species increases in the fall.  In others, such as the lesser scaup, invertebrates continue to
be important (Bartonek and Hickey 1969).  Invertebrates most frequently mentioned as
important dietary components include snails, dipteran larvae, caddisfly larvae, dragonfly
nymphs, aquatic bugs (Hemiptera), beetle larvae and scuds.

Fish mortalities from experimental program Bayluscide treatments on Lake Champlain
deltas were expected to range from insignificant to moderate based on results of the 1982
and 1986 treatments in Seneca Lake (Engstrom-Heg 1983; Kosowski et al. 1987). 
Observed fish mortalities varied widely among the five Lake Champlain deltas treated
during the experimental program, and primarily involved very small fish less than 4 cm in
total length; it was concluded that the relative total biomass of fish killed was biologically
insignificant (Fisheries Technical Committee 1999).    

Minor losses of fish will have little or no impact on the food supply for fish-eating birds. 
Moderate losses will, at worst, have only a modest impact on food availability because such
losses will quickly be replaced from nearby untreated sources, as birds will shift their
feeding to areas unaffected by the treatments.

Invertebrate collections made in five delta areas in the summer of 1986 were generally
characterized by a few taxa.  Dominant forms included aquatic worms and dipterans,
followed by snails and clams (Gruendling and Bogucki 1986).  Each of these groups is
sensitive to niclosamide (see Section VII.A.1.f.).

Gilderhus and Johnson (1980) concluded that Bayluscide treatments can be expected to
have the following effects:  significant short-term declines in aquatic worm and midge
populations; moderate declines in microcrustaceans and molluscs with losses heavier
among mussels than snails; and modest to no losses among the more tolerant invertebrates. 
Recovery of most of the organisms affected by treatments is expected to be fairly rapid
(weeks to months), except for molluscs which may require a longer period.  This
expectation was consistent with the findings of Gruendling and Bogucki (1993a) in a post-
treatment study of the Ausable and Little Ausable deltas (see Section VII.A.1.f.).  Because a
small fraction of the bottom of Lake Champlain is proposed for continued periodic
treatment with Bayluscide granules, and these species are widely distributed in Lake
Champlain, net impacts on invertebrate populations would be insignificant on a lake-wide
basis (Lyttle 1996).



177

Trapping

Activities associated with spawning-phase sea lamprey trapping are expected to have no
impacts on birds. 

Barriers

Construction and operation of barriers are expected to have no impacts on birds.

k.  Mammals

Stream Lampricide (TFM or TFM/Niclosamide) Treatments

No adverse effects are expected to occur to mammals, either through direct exposure to
treatment level concentrations of TFM or the TFM/niclosamide mixture, or by eating
organisms, such as sea lamprey or other fishes, which are killed by TFM during treatment. 
Two major lines of evidence support this conclusion.  The first is the results of laboratory
studies on mammals which are described below.  The second is the absence of field reports
of adverse effects on mammals over the 40-year history of sea lamprey control (EPA
1999).  Gilderhus and Johnson (1980) reported that no vertebrates other than fish and
amphibians have been observed to be affected by lampricides.  No mammals were observed
to have been affected by TFM treatments in the Seneca and Cayuga Lake systems in New
York (Hulbert 1983; Marsh and O'Connor 1986; Kosowski et al. 1987; Chiotti et al. 1987),
or by Lake Champlain experimental program treatments (Fisheries Technical Committee
1999). 

Mammalian safety studies required to meet EPA mandates were conducted under the
supervision of the U.S. Fish and Wildlife Service National Fishery Research Laboratory at
LaCrosse, Wisconsin.  Major findings are summarized below:

Dermal Toxicity  

Applications of undiluted TFM formulation (37.9% active ingredient) to the abraded skin of
New Zealand white rabbits for eight-hour intervals and repeated for five days each week for
three consecutive weeks yielded no effects other than a slight thickening of the skin in the
application area (WARF 1965).

Oral Toxicity  

Adult male rats weighing approximately 200 g each were dosed with TFM by gastric
intubation.  The acute LD50 was 1.01 g/kg over a 2-week post-treatment observation period
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(WARF 1962a).

The MTD (maximum tolerated dose) of TFM for rats and hamsters was determined in four
separate trials (WARF 1962b, 1971a, 1971b, and 1971c).  Formulations included purities
of 30, 82.4, and 90% administered to animals in their water or diet for 90 days at dose
levels ranging from 30 to 5,248 ppm.  The highest exposure level of 5,248 ppm in the diet
had essentially no measurable effect on body weight, food consumption, feeding
efficiency, and other clinical data for all groups of males and females.  This concentration
is considered the MTD for TFM.

Chronic toxicity of TFM has been studied in rats, hamsters, and dogs (WARF 1975a,
1975b, 1973c).  Animals that were fed 0, 300, 1,250 and 5,000 ppm of TFM for a two-year
period developed normally.  Lower feed consumption and consequently slightly lower body
weights were noted for all three species, but only at the highest concentration of 5,000
ppm.  No clinically significant differences were apparent among the different treatment
groups regarding organ weights and histopathological evaluations.

Effects on Growth  

Daily ingestion of TFM at levels of 5,000 ppm or more for 90 days, two years, and over
three generations in rats and hamsters did not affect growth, health or survival.  A slight
depression in body weight was noted, perhaps because of taste avoidance.  Dogs fed 5,000
ppm in their diet showed only a slight depression in body weight (WARF 1973c).

Physiological and Metabolic Effects  

Radio-labeled isotopes were used to study the uptake and excretion of TFM in dairy cows. 
The dose given was equivalent to drinking 15 gallons of water containing 20 ppm TFM. 
This concentration is from 2-6 times greater than concentrations usually applied to
streams.  Most of the compound was excreted in the urine within 24 hours.  Milk contained
some TFM but the level had dropped by 80% at the second milking.  At 26 hours after
dosing, no residues were detected in the fat and only parts per billion levels were present in
muscle, liver and kidney (WARF 1973a).

The acceptance of TFM-treated water to deer was evaluated by administering the larvicide
in drinking water (Blouch 1957).  The deer in one test had a choice of treated or untreated
water and deer in another test had only treated water.  The deer drank freely from both the
treated and untreated water during 4½ days of confinement.  The treatment level of 13 ppm
of the larvicide had no apparent effect on the acceptance of the treated water.  Cattle given
the same concentration of TFM in drinking water did not show any harmful effects. 
However, they apparently objected to the taste because they drank less of the chemically
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treated water than control animals that were given untreated water (Dobias 1958).

Lactating dairy cattle were given drinking water in doses of 15 gallons per day that
contained 20 to 60 ppm of TFM.(WARF 1973b).  Milk production and feed consumption
were considered normal for the test subjects.  No symptoms of toxicity or discomfort were
observed.  The urine from exposed cows was the major route of excretion.  Levels ranged
from 870 ppm at 9 hours post-treatment to 112 ppm at 19 hours post-treatment (WARF
1973a).  Milk from exposed cows contained 0.55 to 0.995 ppm of TFM and related
compounds at the first milking and 0.197 to 0.199 ppm at the second milking, suggesting
that milk is a secondary route of excretion.  Tissue levels of TFM and related compounds at
26 hours post-exposure were less than 10 ppb in fat, 10 to 19 ppb in muscle, 162 to 166
ppb in liver, and 702 to 721 ppb in kidney.

A study of the metabolism of TFM in rats revealed that TFM is rapidly excreted as free
TFM, reduced TFM or a glucuronide conjugate.  Urine is the primary route of excretion and
approximately 60% of an injected dose of radio-labeled TFM was excreted in 24 hours
(Lech 1971).

Reproduction  

Possible effects of TFM and TFM/niclosamide on the reproduction of warm-blooded
animals were evaluated in studies on rats and hamsters.  Levels up to 5,000 ppm of TFM and
100 ppm Bayluscide in the diet for 16 weeks prior to mating and fed daily through three
generations, did not affect reproductive performance.  Viability, survival, and growth were
good in all three generations and litter sizes were normal.  Fertility, mating, gestation, and
lactation were not affected (WARF 1975d, 1975e).

Mutagenicity  

The Ames microsomal mutagenicity test was used to test technical grade TFM (90% active
ingredient) for mutagenic activity.  Results were negative (WARF 1977).

Brusick (1988), following a review of data on the genetic toxicity of TFM, drew the
following conclusions:

"TFM does not seem to be intrinsically genotoxic based on the results from three in
vitro assays.  Its clastogenic activity appears to be a compound-specific response
related to the phenol nucleus of the structure.  The effect also appears to be unique
to in vitro methods and is not predictive of rodent chronic toxicity.  The Ames test
and the rat hepatocyte assay are both better predictors for chronic toxicity and they
were both negative with TFM.  I would recommend that TFM be subjected to one in
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vivo assay for clastogenicity.  The rodent micronucleus would be suitable and if
negative, should resolve any concern that might have developed as a result of the
positive in vitro assay.  If the micronucleus assay produces positive results, concern
for both carcinogenesis and heritable mutation would be increased and would
require a) a test of the affects of TFM in a germ cell assay for mutation and b) a
reassessment of the conclusions generated from the initial rat oncogenicity study.

Using the current toxicological assessments and the assumptions made regarding the
mechanism of aberration induction by TFM in CHO cells in vitro and the low
probability for genetic effects in vivo, I can see no reason to alter current use levels
and application practices for treatment of sea lampreys with this agent."

The rodent micronucleus study recommended by Dr. Brusick was completed by Ivett
(1989).  This study concluded that TFM "did not induce a significant increase in
micronuclei in bone marrow polychromatic erythrocytes under the conditions of this assay
and is considered negative in the mouse bone marrow micronucleus test."

Teratology  

Studies were conducted in rats and rabbits to determine if ingestion of TFM by pregnant
animals would lead to birth defects in the offspring.  Levels up to 125 mg/kg of body
weight were given daily by gavage to rats during days 6 through 15 of pregnancy.  Rabbits
were dosed on days 6 through 18.

The results showed no teratological effects and no changes in the number of uterine
implants, litter size, sex ratio, or fetal weights (Hazelton Raltech 1983; WARF 1975c).

Carcinogenicity

The question of whether or not TFM, or TFM/niclosamide, might cause cancer was
addressed in long-term, multigeneration studies in which the animals continuously received
the lampricides in their diet.  Ninety-day, two-year, and three-generation studies were
conducted in rats and hamsters.  Dogs were used in a six-month study.  No evidence of
carcinogenic effects were observed in any of these studies (WARF 1971a, 1971b, 1971c,
1973c, 1975a, 1975b, 1975d, 1975e; Hazelton-Raltech 1983).

Although no information was found which specifically deals with the effects of TFM on
horses, the lack of significant effects on cows, deer, dogs, hamsters and rabbits suggests
that an exposure of horses or other farm animals to treatment levels of TFM poses no
threat to them.  
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Effects of Other Constituents in the TFM Formulation

Isopropanol is the major inert ingredient in liquid TFM.  Engstrom-Heg (1989) drew the
following conclusion from his analysis of the available literature on isopropanol.   

"Previous solubilizers used in the TFM formulation were dimethylformamide
(DMF) and polyethylene glycol-200 (PEG-200).  Isopropanol is intermediate
between these two compounds in acute toxicity ..., but has fewer and milder sub-
lethal and chronic effects than either.  None of the three compounds, as used in a
TFM treatment, poses a credible risk to aquatic or terrestrial wildlife, domestic
animals or the general human population (Engstrom-Heg 1987, 1988)." 

An independent analysis of the literature on isopropanol was conducted by the New York
State Department of Health (NYSDOH 1989).  In a letter of transmittal from Dr. John K.
Hawley, Director of NYSDOH's Bureau of Toxic Substance Assessment to Mr. Herbert E.
Doig, Assistant Commissioner for Natural Resources in DEC, noted that:  

"Although isopropanol is not a highly toxic or environmentally persistent compound,
its toxicological data base is inadequate to fully characterize the health risks
associated with exposure.  To improve this database, the US EPA  recently proposed
under section 4(a)(1)(B) of the Toxic Substance Control Act (TSCA) that
manufacturers and processors of isopropanol be required to perform a variety of
toxicological tests on isopropanol.

Concerns about the limited data on the reproductive/ developmental toxicity of
isopropanol are supported by evidence that structurally similar short-chain alcohols
(e.g., ethanol, n-butanol) are reproductive/developmental toxicants and that
isopropanol is a developmental toxicant in rats at maternally toxic doses.  In
addition, results of a Russian reproductive study indicate adverse effects in rats
given relatively low doses of isopropanol (0.18 mg/kg/day).  Our confidence in this
latter study is weak, however, because it was poorly designed and reported.”

It was the New York State Department of Health's recommendation that:  

"If isopropanol is used as the carrier in the Lake Champlain TFM formulations,
public notification with respect to TFM and the above advisories should include a
statement that there is limited evidence that isopropanol, the solvent/carrier in TFM
formulations, has caused adverse effects on reproduction in rats.  The notification
should also emphasize that women of childbearing age should pay particular
attention to the advisory statements because they may be at increased risk."
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Based on findings of the above studies and other available data, EPA (1999) concluded that
use of lampricides pose very little risk from either acute oral, acute dermal, subacute
dietary exposure or chronic exposure to mammals.  Effects of niclosamide that would be
present in stream TFM/niclosamide treatments are presented in the following Bayluscide
discussion.

Bayluscide Treatments on Lake Deltas and Selected Stream Sections

No adverse effects are expected to occur to mammals from exposure to niclosamide,
either through direct exposure to treatment level concentrations or by eating organisms
such as sea lamprey ammocetes which are killed during Bayluscide treatment.  The major
lines of evidence supporting this conclusion are the combined results of laboratory studies
described below which indicate a high tolerance to high levels of this chemical, and the
absence of reports of adverse effects to mammals resulting from field applications of this
lampricide (Engstrom-Heg 1983; Kosowski et al. 1987; Fisheries Technical Committee
1999).

Dermal toxicity  

Andrews et al. (1983) in their review of studies dealing with the toxicity of molluscicides,
concluded that niclosamide, its ethanolamine salt and related formulations administered by
various routes, including cutaneous contact and inhalation, has an extremely low toxicity to
laboratory animals and man.  Eye irritation effects were noted in some laboratory animals.

Oral toxicity  

Rats and hamsters fed diets containing 0, 300, 1,250, and 5,000 mg/kg active ingredient
daily for 90 days experienced no mortality.  Treated rats lost weight at the two highest
levels as did treated hamsters, but no other pathological changes were noted as a result of
treatment (WARF 1974a, WARF 1974b).  Dogs fed 62.5, 250 and 1,000 mg/kg active
ingredient in their daily diet for 180 days exhibited no differences from controls in body
weights, food consumption, hematology, blood chemistry or urinalysis (Proctor et al.
1974).  Andrews et al. (1983) concluded that the following oral doses were tolerated
without harmful effects:  (1)  niclosamide ethanolamine salt: dogs (both sexes) - 100
mg/kg body weight for 252 days; rats (both sexes) - 25000 mg/kg of feed for 319 days:  (2) 
niclosamide:  dogs (both sexes - 100 mg/kg of body weight for 366-393 days; rats (both
sexes) - 25,000 mg/kg in feed for 365 - 381 days.  Hecht and Gloxhuber (1962) reported
that LD50's resulting from oral administration of the ethanolamine salt of niclosamide
exceeded 10,000 mg/kg for rats, 4,000 mg/kg for rabbits and 500 mg/kg for cats.

Niclosamide or its salts have been the drug of choice in many countries for treating
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tapeworm infestations in human and veterinary medicine since 1960.  Treatment doses in
dogs, cats, cows, sheep, goats and horses have varied from 50 - 750 mg/kg, depending upon
the type of cestode to be controlled and the animal to be treated (Andrews et al. 1983). 
Results indicated extremely low toxicity of niclosamide and its formulations due to low
absorption and rapid excretion.

Physiological and Metabolic Effects  

Griffiths and Facchini (1979) found that in rats treated with 20 mg of 14C-Bayer 2353,
51.5% was detected in the urine, 47.4% in the feces and 1.1% in the bile as various
metabolites.  The primary metabolite in urine was 2' 5-dichloro-4'-aminosalicylanilide. 
Duhm et al. (1961), as reported in Andrews et al. (1983), treated male rats with one oral
dose of 50 mg/kg body weight with carbonyl-14C-labeled niclosamide ethanolamine salt. 
Two-thirds of the dose was excreted in feces while about one-third was absorbed.  The
absorbed portion was excreted in the urine within 24 hours (half-life 6 hours) and the major
excretion product was 2' 5'-dichloro-4'-amino-salicylanilide.  Absorption and excretion
patterns were the same for male rats given the same dose seven times.  No accumulation of
active ingredient was found in any organ.

A study on lactating cows (WARF 1976) given a dose 10 times higher than that which
would be found in 15 gallons of treated water, indicated that residues in milk, blood, fat and
muscle tissue were less than 10 ug/kg (ppb) after 24 hours.  This was further confirmed in
livestock studies reviewed by Andrews et al. (1983), who concluded that:  "The residues in
livestock and fish constitute no risk for the consumer because their levels are extremely
low.  This assessment is further corroborated by the low, limited absorption and rapid
elimination in man."

Mutagenicity  

A dominant lethal mutagenicity test with mice gave no indication of mutagenic effects
(Machemer 1975) as reported in Andrews et al. (1983).  Ames test studies showed no
mutagenic effects of the ethanolamine salt of niclosamide when conducted without
activation of mouse liver homogenates.  A slight mutagenic effect was obtained in
Salmonella typhimurium when liver homogenate was activated with Aroclor (Oesch 1977) as
reported in Andrews et al. (1983).  Lemma and Ames (1975) found no mutagenic effect for
the 70% wettable powder formulation while MacPhee and Podger (1977) found no
mutagenic effect for niclosamide using a modified Ames test.  Cortinas de Nava et al.
(1983) found mutagenic activity in two of five strains of Salmonella typhimurium in the
urine of mice treated with niclosamide.  Ostrosky-Wegman et al. (1984) found dissimilar
responses in the frequency of cell aberrations (CA's) and sister chromatid exchanges
(SCE's) in in vitro cultures of human lymphocytes from four healthy donors following
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exposure to niclosamide.  Lymphocytes from two donors showed an increase in CA's and
one showed a small increase in SCE's, together indicating weak mutagenic activity.  Studies
reviewed by Andrews et al. (1983) led them to conclude that niclosamide and its various
formulations are free of relevant mutagenic effects in mammals.  They also concluded that
the finding by Oesch "must be evaluated in the light of the low rate of absorption and the
rapid elimination of niclosamide ethanolamine salt in mammals which may be the reason
why no mutagenic effects were seen in in vivo experiments.  Unlike the situation within the
animal, bacteria are exposed to much higher concentrations of the test compounds in the in
vitro test and the contact with the test compound may also be more intimate."  This
assessment is supported by the studies of Crossen (1982) and Stevenson and Patel (1973)
which indicate that lymphocytes suffer less damage when exposed to mutagens in vivo than
in vitro. 

A review of studies on the genetic toxicity of Bayluscide prepared for the Service (Brusick
1989) lead to the following conclusions:

"In my opinion, Bayluscide metabolites should be viewed as having genotoxic
potential.  The Ames data, per se, has low to moderate impact on a consideration of
health effects because it represents a type of damage which should be readily
repaired by normal organisms.  The human lymphocyte results both in vitro and in
vivo suggests that Bayluscide might induce chromosome damage, but individual
variability in some important parameter (perhaps DNA repair) makes an unequivocal
extrapolation of the effect to small populations impossible.  The human clinical
studies used dose levels that are probably far above those that would be encountered
environmentally from use of Bayluscide as a lamprey deterrent and therefore may
not be very relevant.  Environmental exposures associated by the general population
to water that has been treated for mollusks and lampreys would likely involve little
or no genetic risk.  However, exposures to those involved with carrying out water
treatment might be worth determining and comparing the levels to those used
clinically."

 
Brusick (1989) indicated that "clinical applications Bayluscide (generally designated 
niclosamide) are at the level of an initial oral dose of 1-2 gm of the material followed by a
daily dose of 0.5 gm for 6 or more days."  He also suggested the worst case environmental
exposure should be compared to clinical exposures and "if there is a suitable safety factor
(approximately 100), the effects observed clinically are probably not relevant."  Such a
comparison is made in Table VII-28 using maximum levels of niclosamide observed at
specific intervals in Lake Champlain water samples collected during the1991 treatment of
the Little Ausable River delta (see Table VII-3) at 100 lb/acre of the 5% granule
formulation (active ingredient equivalent to 156 lb/acre application rate for the current
3.2% granule formulation), and daily human consumption of two liters of water.  It is clear
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that the intake of niclosamide by a person drinking water treated at the rate allowed under
the EPA registration would be very low compared to clinical doses.

Staff of the Bureau of Toxic Substance Assessment and N.Y.S. Department of Health
(DOH) were asked to review the Brusick (1989) report to determine if it would lead to a
change in water use advisories previously recommended by DOH for Bayluscide.  DOH
responded that "Staff have reviewed the report on the genetic toxicity of the lampricide
Bayer 73 (Bayluscide) which you sent with your letter of February 8, 1990.  This
information provides no basis to change our Lake Champlain water use advisories for Bayer
73."

Table VII-28.  Comparison of maximum observed niclosamide concentrations from the 1991 Bayluscide
5% Granular application in the Little Ausable delta (Gruendling and Bogucki 1993a) with human oral
clinical doses described in Brusick (1989), assuming daily human consumption of 2 L of water.

Time after
Bayluscide
Application

Clinical 
Dose (mg)

Highest  Delta
Concentration

(mg/L)

Amount of
Bayluscide in 

2 L of water (mg)
Safety
Factor

Initial (3 h) 1,000 0.627 1.254  797

 24 h   500 0.424 0.848 590

48 h   500 0.146 0.292 1,712

72 h   500 0.061 0.122 4,098

Teratology 

Rabbit studies revealed that niclosamide did not affect fetal body weights or cause
malformations when administered at doses of up to 180 mg/kg between days 8 and 18 of
pregnancy (Dyck and Chappel 1975).  A dose of 140 mg/kg administered from days 6-16 of
pregnancy was not embryotoxic according to Levinsky and MacFarland (1974).  Two
unpublished studies reported in Andrews et al. (1883) [Harper and Palmer (1965) and
Lorke (1964)], found no embryotoxic or teratogenic effects when niclosamide was orally
administered on a number of days to pregnant rabbits and rats at doses of 1000 mg/kg of
body weight.

Carcinogenicity  

Studies reviewed in NRCC (1985) conclude that there is no evidence of increased
incidence of tumors in rats and mice treated with high doses of niclosamide.  Andrews et al.
(1983) conclude that there was no evidence of tumor induction resulting from animal and
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human exposure to niclosamide or its various formulations.

Human Effects  

Niclosamide is used worldwide in human and animal health as an antihelminthic and as an
extremely effective molluscicide in the control of snails, which serve as vectors of
schistosomiasis.  The latter is a widespread trematode infection that afflicts more than 200
million people in over 70 countries (Andrews et al. 1983).

A number of studies report on dosages of niclosamide used for tapeworm control in
humans.  Gonnert (1961) reported that since its introduction in 1960, Yomesan
(niclosamide) has been used in the treatment of many millions of human tapeworm cases. 
For treating most tapeworm infections in humans, he recommended the use of a dosage of
30 mg/kg of body weight, or single oral doses of one gram for children of 2 to 6 years of
age and two grams for persons 6 years and older.  In one study in the U.S., Perera et al.
(1970) used doses ranging from two grams for one day to two grams for each of 5-7 days
for patients 125 lb and heavier.  Different doses were used to insure effectiveness because
niclosamide is a safe, simple and effective agent against human tapeworm infections.  Most
et al. (1971) reported no signs of intolerance or toxicity in 62 children treated with 40 to
80 mg/kg per day for 5 days.  Adults (both sexes) treated once or twice with 1000 mg
niclosamide/person and children (6-15 years) given doses of 750-1000 mg
niclosamide/person showed no signs of intoxication (Hecht and Gloxhuber 1960;
Harinasuta and Bunnag 1972 as cited by Andrews et al. 1983).  The study by Harinasuta and
Bunnag provided no evidence of damage in liver and kidney function tests, urinalysis and
hematological tests.  Andrews et al. (1983) indicate that no report of damage to humans had
ever been received from use of a treatment dose of two grams per adult or child over 6
years of age since use of niclosamide as a cestocide in humans was started more than 20
years prior.

The risk to humans from drinking water and eating fish containing niclosamide residues can
be put into perspective by comparing the maximum concentrations found in water (573
ppb) and fish (858 ppb) during the Seneca Lake study (Ho and Gloss 1987) and the single
oral treatment doses in humans of one gram for 2-6 year old children and two grams for
persons older than 6 (Gonnert 1971).  To reach the treatment dose of one gram, a young
child would have to consume, at one sitting, either 1,844 quarts of water or 2,568 pounds
of fish containing the maximum residue levels observed in the Seneca Lake study.  Older
persons would have to consume either 3,688 quarts of water or 5,139 pounds of fish
containing the maximum concentrations observed in the Seneca Lake study to reach the two
gram dose.  Because the Bayluscide 5% Granular formulation was applied to Lake
Champlain deltas during the experimental program at the same rate used in Seneca Lake
(and measured concentrations in water were similar or slightly higher in Lake Champlain --
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see Tables VII-3, VII-4 and VII-10), and proposed future treatments with Bayluscide 3.2%
granules will be applied to achieve the same levels of active ingredient, there is no reason
to believe that concentrations in water and fish would be any different in Lake Champlain
than in Seneca Lake.  The comparisons are therefore reasonable.

In their assessment of risks for users, Andrews et al. (1983) concluded:  

"The active substances niclosamide and niclosamide ethanolamine salt as well as
their formulations are of an extremely low toxicity to many laboratory animals and
man.  This holds especially for those types of exposure relevant for the user, e.g.
cutaneous contact and inhalation.  Additionally it has been shown that the absorption
is low even after oral application of high dosages to either man or animals. 
Furthermore, elimination of the absorbed fraction is very rapid (1-2 days).  The
active substances were free of cumulative effects and were also of low toxicity in
long term studies.  There were no significant indications of mutagenic or
embryotoxic effects, nor was tumor induction observed.  No skin irritation was
observed in man, although this could be provoked in animals after very long
exposure.  Eye irritant effects were seen in animal experiments ..."  

Elsewhere they stated:  "It is concluded that the use of niclosamide or of niclosamide
ethanolamine salt as a molluscide or of niclosamide as a drug in either human or veterinary
medicine is without risk to the health of the user, consumer or livestock."  Following
review of the literature cited above, as well as other studies, EPA (1999) determined that
human risks from exposures to niclosamide do not exceed levels of concern for the
currently registered uses.

Effects of Other Constituents of the Bayluscide Formulation

Adverse impacts on mammals, if any, from other ingredients in the Bayluscide 3.2%
granule formulation, are a component of the overall adverse impact of this product on
reptiles.  Since none have been noted over the history of Bayluscide use, none are expected

Trapping

Activities associated with spawning-phase sea lamprey trapping are expected to have no
impacts on mammals.
 
Barriers

Construction and operation of barriers are expected to have no impacts on mammals.
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l.  User Conflicts

Increased Angler Use

Improved angling opportunities in Lake Champlain, both quantitatively and qualitatively,
would be anticipated for landlocked Atlantic salmon, trout and some other game fishes as
the effects of sea lamprey control stimulate survival and growth of these populations. 
Increases in sport fishing activity and angler usage of Lake Champlain facilities would be
expected to develop as:  (1)  individual anglers now fishing Lake Champlain and tributaries
begin to fish more frequently and as (2)  additional anglers who currently are not fishing
these waters are attracted to improved angling opportunities.

Adverse Impacts of Growth From Sportfishery Development

A critical element in the success of the sea lamprey control program will be the
establishment of sufficient, available infrastructure capacity to meet the needs of current
and future anglers.  The extent to which public and private infrastructure should expand
depends on the additional growth of the sportfishing activity and angler usage of Lake
Champlain facilities.   The 1997 Lake Champlain Angler Survey (Gilbert 1999b) indicated
that there were 3.8 million angler trips to Lake Champlain in 1997 and that there would be a
31% expected increase in annual number of trips if sea lamprey control continued.  Based
on the survey methodology used by Gilbert (1999b), this number of fishing trips does not
necessarily represent separate fishing trips.  For instance, an angler may have fished
specifically for lake trout, salmon, steelhead and brown trout on the same day and this
outing would thus be counted as four trips.  The actual number of separate 1997 trips and
the estimated expected increase in fishing pressure are more likely to be lower than these
findings would suggest.

Growth in the recreational fishery may be reflected in the sale of fishing licenses.  The
Service’s 1996 survey of fishing license sales indicate that in New York, as well as
nationally, the number of fishing licenses sold has not changed significantly since 1991
(USFWS  1997).  Vermont, however, had experienced a decline of 17% over the same
period, and from 1990 to 1999, the number of fishing licenses sold in Vermont has
declined 15%.  This data suggests that the total number of anglers fishing Lake Champlain
may remain fairly stable in the near future, but it is reasonable to expect anglers to fish
more often if the quality of the fishery substantially improves.

Competition and Sharing

It has been demonstrated that decreases in sea lamprey parasitism resulted in increased
survival of salmonids (Fisheries Technical Committee 1999).  With increased survival,
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migratory salmonid runs into tributaries are expected to increase.  There will be some
places within these tributaries such as at barriers, where migrating salmonids will
congregate, attracting anglers and increasing the chances of angler, and occasionally
landowner conflicts.  It is also expected, however, that other tributaries may attract more
salmonids as the abundance of adult salmonids in the lake increases.  Fishways on some of
the tributaries are being planned and the upstream passage of salmonids will provide
additional fishing opportunity to stream anglers.  These new locales will help to spread the
fishing pressure over a greater area, thereby reducing angler density and decreasing
conflicts.

There may also be an increase in spring salmonid fishing pressure in some tributaries
simultaneously with other non-salmonid fisheries such as walleye.  However, most of the
spring salmonid tributary fishery will occur where other fishing angling opportunities are
limited.  Section V.F.3.  provided additonal analysis suggesting that serious problems
relative to the use of restaurants, motel rooms, boat launching sites and other amenities is
not anticipated.  Also see the discussion of infrastructure capacity in Section VII.A.6.e.

Government Services

The general population of the region may continue to grow, which will create a need for
increased law enforcement, refuse disposal, sewage treatment facilities, parking space
development or other public services.  These services will increase regardless of the
Proposed Action or other fisheries management activities, and there should not be a need
to increase these services solely as a result of this program.  Minor additional increases in
rescue, medical and firefighting staff, equipment training and facilities may be needed as
seasonal use of improved fisheries increases.   Again, see Section VII.A.6.e.

Trespass and Safety

The increase in total angling activity which results from this program is not expected to
have a substantial impact associated with trespass and safety.   The FEIS discussed the need
for anglers/boaters to get to the water efficiently and safely.  Owners of tow vehicles,
trailers, recreational vehicles and autos expect secure, safe parking areas.  If facilities are
not available, inevitable problems with trespass across private lands and unsafe parking
along public roads could occur.  Boats, vehicles and trailers could be damaged while users
attempt to launch and retrieve boats at inferior sites.  News of excellent fishing could tempt
anglers to boat or wade in potentially dangerous weather or water conditions.  Incidents
such as these have occurred in the past and will continue to occur at some level regardless
of specific fisheries management actions taken.  The impacts of the experimental program
on these issues was insignificant and similar impacts as a result of the Proposed Action are
not expected to be different.
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Resource User Group Conflicts

Population growth and increased use of Lake Champlain’s resources could create conflicts
between groups such as anglers and other boat launch and/or marina users.  These conflicts
will likely increase in spite of this program.  Access expansion and improvements are
planned regardless of implementation of the Proposed Action.  Marinas have a limited
capacity and competition for dock space and services already occurs.  Expected benefits of
the Proposed Action may cause increases in that demand and these conflicts will continue
to exist until desired services can be provided.  The demand for additional lodging caused
by this program should not put an increased burden on the existing capacity.  Section V.F.3.
provided additional analysis suggesting competition and sharing problems relative to
restaurants, motel rooms, and boat launching sites are not anticipated.

Growth and Environmental Impact

Construction of new facilities can have significant adverse environmental impacts if not
properly planned, built and monitored.  Of particular concern are increased non-point
source runoff from developed land, the potential for diminished aesthetic values of Lake
Champlain communities and landscape, inadequate sewage treatment and wetland
encroachment.  Preferred areas for marina development are often found in protected
estuaries or embayments where wetland or productive littoral areas could be impacted. 
Lodging accommodations concentrate many people in small areas where sewage treatment
may pose engineering challenges.  Inadequate local zoning may permit improper
construction of facilities to quickly meet the demand, but which could ultimately cause
adverse environmental impacts and discourage more compatible and desired development
over the long term.  These are all potential problems that may occur regardless of
implementation of the Proposed Action.

2.  Mitigating Measures

a.  Water

Stream and Delta Lampricide Treatments

Chemical Treatment Methods

Initial training and assistance from the Service’s Great Lakes sea lamprey control staff and
experience gained during the eight-year experimental sea lamprey control program has
allowed Lake Champlain sea lamprey control personnel to become proficient in conducting
lampricide treatments.  A total of 24 TFM stream treatments on 14 streams and nine
applications of Bayluscide granlues to five deltas were conducted during the program. 
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Since termination of the experimental program in 1997, eight TFM treatments have been
conducted on eight Lake Champlain tributaries in New York.  Members of the NYSDEC
Lake Champlain staff have also assisted with several Finger Lakes TFM tributary
treatments.  

Future lampricide treatments will be conducted by personnel from the Service, NYSDEC
and VTDFW.  All personnel handling and applying lampricides in Vermont, New York or
Quebec must meet pesticide applicator certification requirements in the respective
jurisdictions.  Any use of the TFM/niclosamide combination in stream treatments will be
initially conducted under direct on-site supervision of Service staff experienced in this
form of application from the Great Lakes sea lamprey control program.  Lampricide
application and monitoring procedures will follow Great Lakes Fishery Commission
standard operating procedures (Klar and Schleen 1999).  Following these procedures will
ensure that lampricide concentrations will remain within effective and restrictive ranges,
while minimizing the risk of impacts to nontarget species.  Low-level lampricide
concentrations are monitored in treated waters in accord with a lampricide monitoring plan
developed by Neuderfer (1989) which is currently under consideration for revision based
on experience gained during the experimental sea lamprey control program (1990-1997)
and during New York’s 1998-2000 treatments.  

Bayluscide delta treatments and monitoring will be directed by New York State personnel
who are fully trained and experienced with Bayluscide treatments on Lake Champlain. 
Personnel from the Service and the Vermont Department of Fish and Wildlife will assist in
supportive activities associated with Bayluscide treatments.

Empty TFM containers will be triple rinsed or rinsed with an automated container-washer
and properly disposed of in an approved landfill or returned to the manufacturer for
recycling.  Disposal of these and other lampricide containers will be consistent with the
requirements of federal and state regulations.  Lampricide dispensing equipment and gear
will be thoroughly rinsed at application sites.

Storage, Accidental Spillage and Contingency Plans

No accidental lampricide spills occurred during the eight-year sea lamprey control
program.  TFM is a liquid formulation that is packaged in heavy-duty five gallon plastic
drums.  The plastic drum and its TFM product weigh a total of 53.5 pounds.  TFM bars are
individually packaged and weigh approximately two pounds each.  Bayluscide 70% Wettable
Powder formulation is packaged in two sizes of plastic packages, that weigh either one-half
or three pounds.  Bayluscide 3.2% granules are packaged in plastic pails containing 50
pounds of formulated product.  This type of packaging, moderate container size, stacking
restrictions and the use of pallets significantly minimizes the likelihood of accidental
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spillage of either lampricide during storage, transport or handling.

A heated building at Ray Brook, New York which meets New York State pesticide storage
guidelines is utilized for bulk storage of TFM formulations and may be used for potential
future storage of Bayluscide 20% Emulsifiable Concentrate.  This facility has the capability
to contain an accidental spill if it occurred within or at the storage building.  Bayluscide
3.2% granules and 70% Wettable Powder formulations may be stored both in this building
and nearby facilities.   Accidental spills would be mitigated by the implementation of the
Contingency Plan for Accidental Spillage of Lampricides During Lake Champlain Sea Lamprey
Control Operations (Durfey 2001).  Each vehicle carrying TFM also has a copy of the spill
contingency plan, absorbent materials, tools (shovels, brooms, etc.) and protective clothing
to handle a spill if one occurred during transportation.  The spill contingency plan calls for
immediate steps to stop and contain the spilled lampricide at its source and notification of
the NYSDEC Spill Response Program for spills in New York, or the VTDEC Hazardous
Materials Management Program, Vermont Department of Agriculture and Vermont
Department of Health for spills in Vermont.  If a spill occurs near, or into a water body not
scheduled for immediate lampricide treatment, the spill plan specifies taking immediate
action to prevent or minimize movement into the waterway.  Also, the spill plan requires
immediate notification and consultation with the State/County Health Office and issuance
of an emergency advisory on water use restrictions at, and downstream of the spill location. 
 Other actions are also specified in the spill contingency plan to mitigate the impacts of
accidental spills.  There were no spills of lampricides that required activation of the spill
contingency plan during the experimental program, or in association with the later TFM
treatments in New York . 

Human Exposure

Procedures to minimize contact with lampricide-treated water will be accomplished by
implementing the requirements of the following plan.

Prior to the eight-year experimental sea lamprey control program, a water supply survey
was conducted by NYSDEC and VTDFW.  Riparian landowners within the predicted
lampricide treatment and plume areas were contacted to determine their source(s) of
drinking/cooking, livestock watering and irrigation/dairy processing water (Sausville et al.
1988).  Survey findings were used to develop New York and Vermont’s  Prior Notification,
Posting and Water Supply Plan (Durfey 1990 and 1998; Johnston 1990) which detail
procedures for meeting drinking water needs of stream and lake shore property owners who
would be otherwise impacted by lampricide treatments.

This plan calls for project sponsors to update a list of potentially affected landowners from
tax rolls, and complete a new water-user survey of every riparian landowner at least one
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month prior to each scheduled control treatment.  This will continue as part of the
Proposed Action.  All potentially affected riparian landowners, as well as other identified,
vested or consumptive water users will be sent a letter approximately 15 days before a
scheduled treatment that will describe the intent to treat and the impending water use
advisories.  These advisories recommend no drinking, no swimming, no fishing, no
irrigation and no livestock watering in or with the treated water for periods of time ranging
from 2-6 days in most streams.  Advisories lasted up to 12-14 days for lake shore users
associated with treatments of the Poultney/Hubbardton River, Mt. Hope Brook and the
Great Chazy River, due to larger or longer lasting TFM plumes in these lake shore areas.

Households identified in the water user survey that withdraw lake or river water for drinking
and other household purposes will be notified door-to-door by project personnel during the
week of scheduled treatments.  They will be asked if they need drinking water, and, if so, a
supply of commercially bottled water will be provided free of charge.  A printed notice and
water will be left at each residence.  The notice includes the exact water use advisories and
a toll-free number to call for additional drinking water or advisory updates and information. 
Water for household purposes other than drinking/cooking will be furnished from centrally
located, bulk water tankers.  Locations of these tankers will be provided to landowners
during the door-to-door notification process.

Beginning approximately two weeks prior to treatment, staff will personally contact
agricultural users of water that is withdrawn from any stream or lake area scheduled for
treatment.  These water users will be provided schedule and advisory information. 
Landowners will be asked if they need delivery of water for their livestock and if they need
temporary electric fencing to restrict livestock from access to treated water.  To avoid
unnecessary adverse impacts on agricultural crops and earthworm populations, use of water
during treatment for agricultural irrigation and spraying, as well as garden watering will be
advised against for as long as TFM is >0.1 ppm (100 ppb) and for four days following
Bayluscide application. 

Public notification of treatments and water use restrictions will be conducted via paid
newspaper advertisements and voluntarily cooperating broadcast media.  Advisories
developed in consultation with the New York State and Vermont Departments of Health
will be publicized to minimize the potential for public contact with lampricide.  Project
staff will post water user advisories at public access sites in affected areas beginning about
24-hours prior to actual treatments.  Voluntary broadcast media announcements and updates
on the toll-free “hotlines” of both New York and Vermont will be used to notify the public
of the expiration of water use advisories.  Project staff will attempt to personally contact
representatives of households that had their potable water supplies impacted by treatments
and inform them of the expiration of water use advisories.  These households will be given
a notice explaining the advisory expiration, or if no one is home, a notice will be left on
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their door.

The New York State Department of Health has concluded in 1987 that “...The toxicological
literature indicates that exposure to TFM- or Bayer 73-treated water (after proper use)
should not be associated with adverse health effects.”  The Vermont Department of Health
stated in 1989 “...It is our opinion that if TFM and Bayer 73 are applied and monitored as
outlined in the draft EIS and draft aquatic nuisance control permit, and if the current
landowner and public notification procedure is followed, there will be negligible risk to the
public health.” 

No municipal water supply was exposed to treatment or diluted levels of TFM during the
eight-year experimental sea lamprey control program.  The Essex County, New York fish
hatchery on Putnam Creek was exposed to TFM in 1994.  Treatment impacts to the water
supply were successfully mitigated when New York treated the stream independently in
1998 by applying TFM below the hatchery intake.  Table VII-1 summarizes public water
supply systems, impacts and mitigation during lampricide treatment.

A total of 1,208 private water users were identified through riparian landowner surveys in
treatment areas (Table VII-29).   Forty-eight percent of the users requested alternative
drinking water.  A total of 5,071 gallons on bottled drinking water was provided to these
users.  Water was provided to farms that needed it for livestock. Overall household use of
the bulk water was very low.  

The water user summary in Table VII-29 excludes water requested and supplied for
industrial and agricultural purposes.  For instance, the Georgia-Pacific paper mill was
supplied with approximately 5 million gallons of process water per day via the city of
Plattsburgh’s municipal water supply during each day of the advisory periods associated
with TFM treatment of the Saranac River and Bayluscide treatment of the Saranac River
delta.  The high cost of pipeline construction and water usage fees were funded by
NYSDEC.  A substantial supply of bulk water was also provided to agricultural users on
many tributaries.  One of the larger consumers was a 550-head dairy cattle herd, supplied
by fish hatchery pump truck on a two- to three-times daily, as-needed basis during each
treatment of the Great Chazy River.

During the 1992 Saranac River TFM treatment, potential exposure to Georgia-Pacific’s
paper mill water supply intake was mitigated by temporarily connecting the mill to the City
of Plattsburgh’s water supply.  A Lampricide treatment of the Pike River may impact
Phillipsburgh, Quebec’s water supply, and mitigating measures such as installing an
activated carbon water filtration system may be necessary.

Several public beaches could be impacted by lampricide treatments (Table VII-2).  Access



195

points to public beaches within lampricide plume areas will be posted with advisory signs.

The following additional actions, based upon recommendations from the New York State
and Vermont Health Departments, will be employed to minimize exposure to the
lampricides and to mitigate water use impacts.
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Table VII-29.  Summary of water users, alternative water requests, water provided, and duration of
water use advisories for the eight-year experimental sea lamprey control program.(1990-1997).

Year
River/Delta

No. of
Water
Users

No. of
Drinking

Water
Requests

Water Provided
(gal.)

Duration of Water Use
Advisories (days)

Drinking Bulk Stream Lake

1990

Salmon River 3 3

Little Ausable R. 6 5

Ausable River 4 5

Overlap Zone a

(for above 3 rivers)
70 60 450 800

Boquet River 23 7 57 400 2 2

Beaver Brook 18 4 30 400 4 3

Putnam Creek
New York

20 3 24 400 5 4

Putnam Creek
Vermont

4 0 NA 4

Lewis Creek 85 54 648 5000 2 4

1991

Saranac Delta 51 24 226 NA 4

Salmon Delta NA 4

L. Ausable Delta NA 4

Ausable Delta NA 4

Overlap Zone
(for above 3 deltas)

59 53 450 1200

Boquet Delta 19 6 67 400 NA 4

Mt. Hope Brook 15 3 15 400 combined stream/lake: 10

Stone Bridge Bk. 6 0 0 1300 2 6
a  Salmon, Little Ausable and Ausable Rivers are so close to each other that their advisory zones overlap and cannot be separated. 
Information for these rivers is listed below the individual rivers/deltas, in rows designated “overlap zone”.   The “overlap zone” rows
contain totals for the  whole area.
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Table VII-29 (continued).

Year
River/Delta

No. of
Water
Users

No. of
Drinking

Water
Requests

Water Provided
(gal.)

Duration of Water Use
Advisories (days)

Drinking Bulk Stream Lake

1992

Great Chazy River 149 62 972 1600 upper river:a  10 
lower river:a 12

10

Saranac River 60 36 452 400 2 5

Poultney River
New York

21 2 30 upper river:b 2 
lower river:b 6  

s. lake:b 14
n. lake:b 15

Poultney River
Vermont

47 4 168 1200 upper river:b 2
lower river:b  6  

s. lake:b 14
n. lake:b 15

Hubbardton River see Poultney River

1994

Salmon River 3 4

L. Ausable River 5 5

Ausable River 4 5

Overlap Zone
(for above 3 rivers)

56 52 696 800

Boquet River 24 14 168 400 2 4

Putnam Creek
New York

18 0 0 5 4

Putnam Creek
Vermont

11 6 48 NA 4

Lewis Creek 134 36 2000 2 6
a  “Upper river” refers to river section between dam in Mooers and Old Waterworks Dam (OWD) ~ 1 mi. upstream of Village of
Champlain,             “lower river” refers to section between OWD and Lake Champlain.
b  “Upper river” refers to section between Carvers Falls and confluence of Hubbardton River, “lower river” refers to section between
Hubbardton      River confluence and outlet of South Bay, “s. lake” refers to Lake Champlain between outlet of South Bay and
Dresden/Putnam town line, “n.       lake” refers to Lake Champlain between Dresden/Putnam town line and Ticonderoga Ferry
crossing.
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Table VII-29 (continued).

Year
River/Delta

No. of
Water
Users

No. of
Drinking

Water
Requests

Water Provided
(gal.)

Duration of Water Use
Advisories (days)

Drinking Bulk Stream Lake

1995

Saranac Delta 9 6 94 NA 4

Salmon Delta NA 4

Ausable Delta NA 4

Overlap Zone
(for above 2 deltas)

49 45 612 800 NA

Boquet Delta 19 7 120 400 NA 4

Mount Hope Brook 12 9 72 combined stream/lake: 11

Trout Brook 27 21 252 800 2 3

1996

Great Chazy River 135 62 1236 1600 upper river:a 7
middle river:a 4
lower river:a 5

lake: 11

Poultney River
New York

21 3 78 2400 6 s. lake:b 15
 n. lake:b 15

Poultney River
Vermont

46 7 244 600 6 s. lake:b 15
n. lake:b 15

Hubbardton see Poultney River
a  “Upper river” refers to section between bridge in Mooers and Rt. 11 crossing at Twin Bridges, “middle river” refers to section
between Twin           Bridges and Old Waterworks Dam (OWD), “lower river” refers to section between OWD and Lake Champlain.
b  “S. Lake” refers to Lake Champlain between outlet of South Bay and Dresden/Putnam town line, “n. lake” refers to Lake
Champlain between         Dresden/Putnam town line and Ticonderoga Ferry crossing.

Streams

TFM and TFM/Niclosamide Combination:  Toxicological data indicate dermal exposure to
lampricide-treated water at anticipated concentrations will not result in any adverse health
effects (see section VII.A.1.k.).  Advisories will be issued against the use of water for
drinking and cooking, swimming, fishing, livestock watering, and irrigation until 24 hours
after the lampricide plume has passed and reached a concentration of 20 ppb or less.  The
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niclosamide fraction of any TFM/niclosamide combination treatment (0.5 to 2.0% of the
total amount of active ingredient) would be below detection levels when TFM
concentrations reach 20 ppb or less.  Therefore, any advisory due to niclosamide levels in a
combination treatment could be lifted simultaneously with a TFM advisory.  Provisions will
be made to provide ample supplies of free bottled water for these uses to persons whose
supplies are exposed to lampricides and who request this service.   Centrally located bulk
supplies of tanker-transported water, will be available for impacted stream water users
wishing to avoid use of treated stream water for non-drinking purposes. Lampricide
concentrations will be monitored as described in Neuderfer (1989) unless this plan is
revised and a new version is approved by the state health departments.

In addition to restrictions on water use during the period of time that lampricide is likely to
be present at TFM concentrations equal to or greater than 20 ppb, the advisories will
include a statement that there is limited evidence that isopropanol, the solvent in the TFM
formulation, has caused adverse effects on reproduction in rats and therefore, that women
of childbearing age should pay particular attention to the advisory statements because they
may be at increased risk.

Bayluscide 3.2% granules:  Limited application of Bayluscide 3.2% granules may be
proposed in estuarine areas of certain tributaries (See stream-specific discussions in
Section VIII).  It is likely that water use advisories presented in the following discussion of
delta Bayluscide applications
will be used, pending appropriate regulatory approvals.
 

Lake

TFM and TFM/Niclosamide Combination:  Dye plume study findings by Myers (1987a,
1987b) and Laible and Walker (1987) established water use advisory zones (where TFM
concentrations can be expected to temporarily exceed 20 ppb) within a radius of 0.5 to 4.0
miles from the mouths of most treated streams (Table VII-30).  Dye plume studies will also
be conducted in new streams proposed for lampricide treatment, to establish appropriate
water use advisory zones prior to obtaining permits for treatment.  Advisory zones may also
be estimated for some of the smaller streams if dye study data is already available for
streams of similar flow and surrounding lake shore characteristics. 

Household water will be made available to lake shore users whose potable water supplies
could be exposed to lampricides within these zones.  Advisories will be issued for the use
of water from the lampricide plume area in the lake for drinking and cooking from the time
that lampricide is detectable at the stream mouth and continue until 24 hours after no part
of the plume exceeds 20 ppb.  Provisions for potable water use and TFM monitoring will be
the same as outlined above for streams.  Decreases in the advisory distances north or south
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of some tributaries may be proposed in the future based on actual TFM treatment plume
data.  State health department approvals would be obtained before reducing any advisory
areas.  The inconvenience of water use advisories may be mitigated for some riparian
landownders by scheduling treatments of the Salmon, Little Ausable and Ausable Rivers
within a short time interval in the same year.  This will reduce the duration and frequency of
advisories for those water users in a zone where advisory areas for these three tributaries
overlap.

Bayluscide 3.2% Granules:  The routes for human exposure to niclosamide are the same as
for TFM (see Section VII.A.1.a.).  Use of water from the plume area for drinking and
cooking purposes will be advised against during and for four days after treatment except for
the Little Ausable delta where concentrations above 20 ppb have persisted for five days
following treatment.  The  NYSDOH advised that water from the niclosamide plume should
not be used for other household purposes until 48 hours after application.  To simplify our
advisories, however, we have maintained a four-day advisory period to coincide with the
drinking and cooking advisory.  Therefore, persons in affected lake areas who wish to
further minimize low-level exposure will be provided with centrally located bulk supplies
of tanker transported water for non-drinking purposes for four days following treatments. 

The public will also be notified of the potential for low-level exposure from consuming
fish caught in Bayluscide treated areas within 14 days of treatment.  The public will be
advised not to swim or fish in Bayluscide treated lake areas associated with potential
exposure to low levels of niclosamide for approximately four days thereafter.  The
NYSDOH recommended only a 48 hour advisory, but again this has been conservatively
extended to simplify the overall advisory.  Advisories will be handled in the same manner as
previously discussed for TFM and TFM/niclosamide.  Advisories will be issued regarding
the use of water from the plume area for drinking and cooking purposes during and for four
days after treatment.  Provisions will be made to supply bottled water or other alternative
supplies for these purposes to lake water users whose intakes are exposed to niclosamide
will be made.  Bayluscide treatments of the Salmon, Little Ausable and Ausable deltas
would be scheduled within a short time interval of the same year to reduce the duration and
frequency of associated advisories for riparian water users in overlap areas.

Treatment Personnel Precautions

Direct contact by treatment personnel with TFM, TFM/niclosamide, or Bayluscide granules
during handling and application will be avoided.  Use of protective clothing, gloves,
protective glasses, face shields and respiratory masks will be in accordance with lampricide
labeling requirements.
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Trapping

No mitigation is necessary as water or human impacts associated as a result of trapping
spawning-phase sea lampreys are negligible.

Table VII-30.  Projected exposure areas for proposed stream TFM treatments.* 

Stream

Maximum Projected TFM $$ 20 ppb Exposure Area (mi)a

Stream Lake North Lake South

Great Chazy River 20.6 2 (2.5)* 4 (4.5)

Saranac River 3.3 2 (2.5)* 3.5 (4.0)

Salmon River 4.0 2 2

Little Ausable River 6.1 2 2

Ausable River 6.0 2 (2.5)* 2.5

Dry Mill Brook 0.5 - -

Boquet River 2.6 2 (2.5)* 2 (2.5)

Beaver Brook 2.5 0.5 0.5

Putnam Creek 4.8 1.5 (2.5)* 1

Mt. Hope Brook 1.3 4 b -

Poultney River 10.5 20 c -

Hubbardton River 2.0 - -

Lewis Creek 9.4 1.5 1.5

Trout Brook 1.3 0.5 0.5

Stone Bridge Brook 2.9 1 1
a Based on Laible and Walker (1987), Myers (1987a, b) and Neuderfer (1989).  Lake mileages are radii from stream mouth. 
b South Bay.
c Twenty miles north from outlet of South Bay.
* Special note:  As a result of negotiations between the NYSDEC’s Project Sponsor and regulatory review groups TFM exposure
areas were   increased for the Great Chazy River, Saranac River, Ausable River, Boquet River and Putnam Creek (north only)
beginning with treatments conducted in 1998.  Numbers in parentheses represent adjusted boundaries.
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Barriers

Mitigation to reduce flooding potential and minimize impoundments created by low-head
barriers may include levees and stream bank stabilization.  Careful planning to design the
lowest possible effective barrier generally results in little flood risk.  During non-operating
periods, slide-gates, if present, can be removed to reduce or eliminate any water
impoundment.  The same effect will be accomplished with an adjustable crest barrier by
lowering the crest height.  Stream bed scouring below the dam may be minimized by
placement of a concrete splash-way or by use of stone fill directly below the weir, if
warranted in specific locations.  In most cases, however, scour pools should be encouraged
to allow jumping fish to pass over the barrier.  Electrical barriers are expected to have no
water impacts that require mitigation.  Barriers constructed on streams navigable by
watercraft may have human impacts.  Risk of potential injury from boats passing over a low-
head dam can be reduced by posting warning signs upstream of the barrier and providing
portage routes around the structure.  Electrical barriers will be enclosed within a fence on
the streambank, and by using floating buoy lines across the channel, with warning signs
informing the public of the risks associated with the barrier. 

b.  Human Exposure

See Section VII.A.2.a.

c.  Wetlands

Gruendling and Bogucki (1993a, 1993b) found that experimental program stream TFM
treatments had little or no adverse impacts, and delta Bayluscide treatment impacts on
wetlands associated with the Ausable and Little Ausable river deltas were largely confined
to macroinvertebrates.  Wetland exposure was minimized during the experimental  program
by following the recommendations in Gruendling and Bogucki (1986).  Given the minimal
impact of lampricides on exposed wetlands (Gruendling and Bogucki 1993b), these
recommendations were of little consequence.  Little or no adverse impact due to TFM or
TFM/niclosamide is anticipated on wetlands from application of these formulations under
conditions practical for treatment at any time of the year.  Accordingly, there is no need to
limit application of these lampricides to late summer or early fall, or to construct intrusion
barriers in an attempt to keep
lampricides out of wetlands.  Application of Bayluscide granules would be expected to
result in nontarget mortality similar to that observed in the experimental program.

No significant wetland impacts are expected from the construction of low-head barrier
dams.  Low-head barrier dams may create new wetlands associated with the limited
impoundment behind the dam.  However, it’s likely that the use of slide gates or an
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adjustable crest would negate any permanent ponding effects. 

d.  Endangered and Threatened Species

No federally-listed endangered and threatened species will be affected by application of
lampricides, implementation of barriers, or spawning-phase sea lamprey trapping, as
described under the Proposed Action; therefore no mitigation is necessary.  Mitigation may
be required for seven Vermont-listed mussel species (Table VI-1); the eighth Vermont-
listed mussel species (eastern pearlshell) does not inhabit Vermont waters accessible to
sea lamprey.  Four Vermont-listed fish species and two fish species listed both in Vermont
and New York (Table VI-3) may also require mitigation.  The New York-listed mooneye
does not inhabit areas proposed for sea lamprey control, and no state-listed plants,
amphibians, reptiles, birds or mammals will be significantly affected by lampricide
treatments.  Mitigation may also be required for certain amphibians or fish on Quebec’s
Susceptible species list which may inhabit the Pike River system (Tables VI-3 and VI-5). 

Mitigation to avoid mortality of state-listed species may range from not applying
lampricides in waters inhabited by such species, to applying lampricides at concentrations
at or above sea lamprey MLC’s that do not exceed the respective listed species’ NOEC
determined through toxicity testing (See Sections VII.A.1.f. and VII.A.1.g.).  In some cases,
implementation of barriers or trapping activities may also require mitigation.  Specific
actions and factors that are expected to mitigate impacts to listed species are discussed in
the following Sections VII.A.2.f. and  VII.A.2.g.  Proposed mitigating measures will
undergo scrutiny through each state’s lamprey control permitting process (see Section
II.D.), under laws and regulations protecting state-listed endangered and threatened species. 
Special mitigating measures to protect these species may be applied only in the jurisdiction
where each species is legally listed.  The mitigation standard may be different in other
waters where the species is not protected.

e.  Plants

Stream Lampricides (TFM or TFM/Niclosamide) Treatments

Water use advisories associated with stream lampricide treatments will advise against
irrigating or spraying agricultural crops or gardens with treated stream water until the
advisories are discontinued (See Section VII.A.2.a.).  No other mitigation is  needed since
stream lampricide treatments do not pose significant adverse impacts to aquatic or riparian
plants.
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Granular Bayluscide Treatments on Lake Deltas and Selected Stream Sections

Water use advisories associated with treatments using  Bayluscide 3.2% granules will
advise against irrigating or spraying agricultural crops or gardens with treated lake water
until the advisories are discontinued (See Section VII.A.2.a.).  No other mitigation is
needed since Bayluscide treatments do not pose significant adverse impacts to aquatic or
riparian plants.

Trapping

No mitigation is needed since there will be no significant adverse impacts on plants from
trapping.

Barriers

No mitigation is needed since there will be no significant adverse impacts on plants from
installation and operation of sea lamprey barriers.

f.  Invertebrates

Stream Lampricide (TFM or TFM/niclosamide) Treatments

Some temporary losses in invertebrate populations will be unavoidable during lampricide
stream treatments.  Repopulation among temporarily affected species will occur, however
through recolonization by downstream drift from untreated waters above application points
and from reproduction by invertebrates which survive treatment.  Mitigation for most
invertebrates will not be necessary because overall populations will not be significantly
affected.  An in-depth, discussion of lampricide impacts on invertebrates was given in
Section VII.A.1.f.

Several studies discussed in Section VII.A.1.f. showed that burrowing mayfly (Hexagenia
spp.) populations, if significantly impacted, may take somewhat longer to recover from
lampricide treatments due to their multi-year nymphal life stage.  It was also shown that
impacts largely affect age 2 nymphs.  Based on these findings, the risk of lampricide
impacts to burrowing mayflies can be minimized by scheduling treatments after the early
summer mayfly hatch, and also by treating in even year increments, preferably once every
four or more years (John Weisser, USFWS, Marquette, Michigan, personal
communication).  

Mitigation will be required to protect mussels listed as threatened or endangered in
Vermont waters (Table VI-1).  Lampricide application will be limited to concentrations of
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less than or equal to the lowest tested NOEC for listed mussel species inhabiting a
particular stream.  Acute lampricide toxicity tests on the pink heelsplitter (E-VT), black
sandshell (E-VT), pocketbook (E-VT), eastern floater and eastern elliptio indicate that TFM
and TFM/1% niclosamide combination concentrations of between 1.0 and 1.3 MLC have no
significant adverse impact on the survival of any of these species (Table VII-13).  The
discussion in Section VII.A.1.f. suggested that there is no appreciable difference between
the relative toxicity of the TFM/1% niclosamide and TFM alone.  Specific mitigating
measures to protect endangered and threatened mussels are discussed for each Vermont
tributary system in Section VII. 

Lampricide toxicity information has not been evaluated for three other Vermont-listed
endangered mussels (fragile papershell, fluted shell, cylindrical papershell) and one
Vermont-listed threatened mussel (giant floater).  Toxicity tests on these species will be
conducted prior to obtaining permits to treat Vermont streams where any of these species
are present.  Furthermore, flow-through toxicity testing of the pink heelsplitter
simultaneously with larval sea lamprey should be conducted to address concerns with the
study design for the original test of this species (See section VII.A.1.f.).  A coordinated
program of long-term monitoring of threatened and endangered mussel species in treated
and untreated Vermont streams may be developed, and the feasibility of conducting toxicity
testing of early life stages of Vermont-listed mussels (younger than age 2) may also be
investigated.

Bayluscide Treatments on Lake Deltas and Selected Stream Sections

Niclosamide is toxic to most invertebrates at much lower concentrations than TFM or the
TFM/niclosamide mixture.  Some temporary losses in invertebrate populations will occur
during Bayluscide treatments conducted in accordance with the EPA label (See Section
VII.A.1.f).  As with stream lampricide treatments, repopulation among temporarily affected
species will occur through recolonization by drift into treated deltas (or treated stream
areas) and from reproduction by invertebrates which survived treatment.  An in-depth
discussion of lampricide impacts on invertebrates and population recovery was given in
Section VII.A.1.f.

Mussels are particularly sensitive to niclosamide.  Nontarget mussel mortality may be
reduced using deepwater electrofishing methodologies to better define sea lamprey
infestation boundaries and larval densities on proposed treatment areas.  Once identified,
only the more densely populated areas may be treated, and areas with few sea lamprey could
be avoided, thus reducing nontarget mortality.   In some cases, pre-treatment mussel
surveys in proposed Bayluscide treatment areas may also be conducted, and areas of high
mussel density could potentially avoided.
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Trapping

Trapping requires no mitigation since this activity will not cause significant adverse
impacts to invertebrates.

Barriers

Mussel reproduction and recruitment above barriers could potentially be affected if they
are dependent upon fish hosts which are only seasonally distributed upstream of barrier
sites, and if  barriers prevent fish passage.  Therefore, mitigating measures for minimizing
potential impacts to mussels revolve around fish passage and is discussed under barriers in
Section VII.A.2.g.

g.  Fish

Stream Lampricide (TFM or TFM/Niclosamide) Treatments

Evaluations of previous lampricide treatments have demonstrated little adverse population-
level or community-level impacts to nontarget fish.  Pre-treatment larval sea lamprey
toxicity tests may be conducted on-site, along with pre-treatment water chemistry analyses,
to determine the specific stream MLC for the treatment; use of lampricide prediction
charts (Appendix D) and data from previous treatments are also used to set safe and
effective application rates.  Regular monitoring of TFM concentrations throughout the
treatment, and prompt adjustment of application rates, if necessary, will closely maintain
the target concentration and minimize the risk of significant non-target fish mortalities.

Native Lampreys

The two Vermont-listed nonparasitic lamprey, northern brook (endangered) and American
brook lamprey (threatened) will require mitigation in Vermont tributaries to avoid
unacceptable levels of mortality.  Lampricide treatments will not be conducted in the
Malletts Creek/Indian Brook drainage to protect the resident northern brook lamprey. 
Trapping spawning-phase sea lamprey may be effective in the small Vermont streams
containing American brook lamprey, and should not result in adverse impacts to this
species.  If lampricide applications are later deemed necessary in any of these streams,
measures similar to actions taken during the 1995 Trout Brook treatment may be
implemented.  Prior to the 1995 treatment, 280 American brook lamprey were removed
from Trout Brook, held during treatment and released after the treatment was complete.
This mitigative action minimized impacts to the American brook lamprey population, but
was not without ancillary adverse impacts to other nontarget fishes (See Section VII.A.1.g.). 



207

Silver lamprey are slightly less sensitive to TFM than are sea lamprey.  Stream populations
of the silver lamprey are found throughout the Lake Champlain drainage.  Several of the
streams in which they are known to occur are either not proposed for control at this time or
control strategies proposing alternatives to lampricides are recommended (See Section
VIII).  

Silver lamprey populations will contiue to be monitored in streams in conjunction with
routine sea lamprey population assessments.  More directed silver lamprey monitoring may
be proposed in some streams. 

Lake Sturgeon

The lake sturgeon, listed as threatened in New York and endangered in Vermont, is known
to be sensitive to lampricides (See Section VII.A.1.g.).  The Winooski River is the only
tributary presently being considered for a lampricide treatment, where lake sturgeon are
known to spawn. Any treatment of the Winooski River would be conducted following the
U.S. Fish and Wildlife Service “TOP:011.0A Interim Protocol for Conducting Treatments
of Streams with Populations of Young-of-Year Lake Sturgeon (Acipenser fluvescens)” in
Klar and Scleen (1999).  The interim protocol allows TFM to be applied at up to 1.0 times
MLC, or the combination TFM/1% niclosamide to be applied at up to 1.2 times MLC; such
treatments are scheduled after August 1, when young-of-year lake sturgeon attain lengths of
100 mm or greater, and are less sensitive to lampricides than are smaller individuals. 
Updates to the protocol also will be incorporated into future treatment strategies.

Salmonids

Juvenile landlocked Atlantic salmon are relatively tolerant of TFM.  No landlocked Atlantic
salmon was observed in TFM treatments during the experimental program.  Juvenile salmon
will be exposed to lampricides in the Ausable and Saranac Rivers as nursery habitat exists
downstream from the TFM application points.  In the Boquet River system the TFM
application point is downstream from the nursery areas and juvenile salmon will not be
exposed.  Adult salmon returning to the above three streams as well as the Winooski River
during the fall would likely be in spawning condition and as a result could be less tolerant
of TFM.  To minimize the potential for exposure to fish stressed by spawning, lampricide
treatments for these streams will be scheduled to avoid peak salmon spawning runs which
typically occur from late September through early October.  Other technical considerations
may suggest spring treatments for the Ausable River, which would likewise avoid exposing
the salmon spawning runs (see Section VIII.A.6).
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Esocids

Members of the pike family are relatively sensitive to TFM, however relatively little
overall mortality was noted of the five esocid species found in Lake Champlain during the
experimental program.  With the exception of the muskellunge, these species are abundant
throughout Lake Champlain and specific mitigation will not be necessary.  Muskellunge are
stocked in the Great Chazy River.  The Old Water Works Dam on the river has been
refurbished to act as a sea lamprey barrier, allowing the TFM application point to be moved
downstream of the prime muskellunge habitat, mitigating any potential adverse impacts to
this species.

Ictalurids

 Substantial stonecat mortalities were noted in four New York rivers during TFM
treatments even after the second and third treatment cycles indicating that these
populations have persisted. The stonecat is endangered in Vermont, where it has only been
found in the LaPlatte River.  This tributary is not currently proposed for lampricide
treatment, but if future sea lamprey production warrants treatment, the toxicity of TFM to
stonecat will need to be evaluated by toxicity testing. TFM would then be applied at or
below concentrations shown not to cause stonecat mortality.  It may also be possible to
apply TFM at a point on the LaPlatte River downstream of stonecat habitat, which differs
markedly from larval sea lamprey habitat.

Catostomids

White suckers are marginally sensitive to lampricides and limited nontarget mortalities
primarily involving juveniles of this species were noted during the experimental program. 
However, because of their high abundance and widespread distribution throughout the Lake
Champlain basin, population impacts from continued treatments will be negligible and
specific mitigation unnecessary.  

The quillback is a locally uncommon sucker species known to use the Winooski River as a
spawning and nursery area.  Treatment of the Winooski River using the U.S. Fish and
Wildlife Service “TOP:011.0A Interim Protocol for Conducting Treatments of Streams
with Populations of Young-of-Year Lake Sturgeon (Acipenser fluvescens)” (See lake
sturgeon discussion above).  is also likely to safeguard the river’s quillback poulation.  It is
also likely that lampricide  toxicity testing of quillback will be conducted prior to obtaining
permits to treat the Winooski River.

Three species of redhorse suckers occur primarliy in the larger tributaries (Table VI-4),
with the shorthead redhorse being most widely distributed and common.  Less is known
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about the population characteristics and distribution of the more uncommon silver redhorse
and greater redhorse in Lake Champlain, thus there is some concern over the potential for
adverse impacts on these species from use of lampricides.  Available information on the
effects of lampricides on redhorse and other sucker species suggests that adverse impacts
would be minor (See section VII.A.1.g.).  Scheduling treatments in late summer or early fall
will also avoid the large spring spawning concentrations of redhorse and other suckers in
the rivers, as well as many young-of-year which tend to drift out of the rivers and into
lakeshore areas through the summer.  In the event of treatments, most of the major
tributaries known to contain significant redhorse populations would likely receive
lampricide concentrations at or near 1.0 times MLC to mitigate impacts to other sensitive
species (See Section VIII).   

Darters

Of the two state-listed darter species, the eastern sand darter (T-NY, T-VT) has been shown
to be relatively resistant to TFM at routine treatment concentrations (see Section
VIII.A.1.g.).  TFM toxicity tests performed on the channel darter (E-VT), however, resulted
in a NOEC of 1.2 times sea lamprey MLC.  This suggests any potential adverse impacts
from exposure to lampricides  may be mitigated by maintaining stream treatment
concentrations of less than or equal to 1.2 times MLC in Vermont tributaries inhabited by
channel darters.

Walleye

No significant adverse impacts to walleyes necessitating special mitigation are anticipated
from proposed stream lampricide treatments.

Cyprinids

No significant adverse impacts to cyprinids necessitating special mitigation are anticipated
from proposed stream lampricide treatments.

Bayluscide Treatments on Lake Deltas and Selected Stream Sections

The majority of nontarget fish mortality in treatments of the five Lake Champlain deltas
with  Bayluscide granules were of banded killifish, mimic shiners, spottail shiners and very
small unidentified fish (probably a combination of juvenile killifish and minnows), most of
which were in shallow near-shore areas.  Nontarget mortality may be reduced by better
defining sea lamprey infestation limits and larval densities on deltas using deepwater
electrofishing methodologies (Klar and Schleen 1999).  Once identified, the more densely
populated areas may be treated, eliminating treatment over areas with few lamprey, and thus
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reducing nontarget mortality. 

Past delta treatments followed a procedure where Bayluscide was applied in transects
starting at an offshore point and finishing on the shoreline.  Most fish mortality occurred
close to shore where the small fish could not escape the active ingredient.  Reversing this
procedure by beginning the application at the shoreline and proceeding outward away from
shore would allow more fish to escape the chemical and disperse away from the treatment
area.

Trapping

Nontarget lamprey and other trapped fish incidentally captured in traps will be released
during routine trap monitoring.

Barriers

Barriers proposed under the Proposed Action could result in impacts to fish.  Even though
these barriers would be low-head, they may prevent the movement of non-jumping fish
upstream.  Mitigation can include a variety of measures to improve fish passage such as the
incorporation of fish traps (which would require manual sorting and passing of trapped fish
other than sea lamprey), fish ladders, or jump pools.  Some barriers could have slide-gates
or an adjustable crest that can be removed or lowered, respectively, when the sea lamprey
are not migrating.  Electrical barriers can be de-energized when there are no spawning
lampreys in the streams.  Specific stream strategies will depend on the fish species
utilizing each particular tributary. 

h.  Amphibians

Stream Lampricides (TFM or TFM/niclosamide) Treatments

Mortalities of mudpuppies were observed during some experimental control program
treatments, as anticipated.  Though toxicity tests indicate NOEC’s for adult mudpuppies
were greater than observed sea lamprey MLC’s, some unavoidable losses to mudpuppies
may occur under the Proposed Action.   Similar tests should be conducted on juvenile
mudpuppies, if possible, to determine if relative toxicity differs from that of adults.  In
some streams, it may be prudent to treat at concentrations closer to 1.0 MLC to minimize
potential impacts to mudpuppies, if significant impacts are anticipated.  

Efforts to collect biological data on dead mudpuppies encountered in post-treatment
mortality assessments should continue, to assess lampricide impacts on their populations
in some streams. 
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Techniques recently employed to sample live mudpuppies in Lake Champlain tributaries
have not been sucessful.  However, efforts to investigate effective methods to sample
mudpuppies in some streams may continue. 

Frog tadpoles, eastern-spotted newts and two-lined salamanders also suffered  mortalities
during  some experimental program TFM treatments.  Mitigation strategies directed at
minimizing mudpuppy mortality should also tend to reduce impacts on these amphibians.

Bayluscide Treatments on Lake Deltas and Selected Stream Sections

Few amphibian mortalities were observed during Bayluscide treatments on Lake Champlain. 
Therefore, additional no mitigation to protect amphibians is not necessary.

Trapping

Few amphibians have been captured during past Lake Champlain sea lamprey assessment
trapping efforts.   Any amphibians incidentally captured in traps will be released during
routine trap monitoring. 

Barriers

There should be no significant impacts to most amphibian species caused by barriers.  Low-
head barriers should not present passage problems because most amphibians are mobile and
able to use the stream banks to move past barriers.  Adjustable crest and electrical barriers
can be diabled outside the spring sea lamprey spawning period, allowing generally
unrestricted movements of stream amphibians during the majority of the year.

i.  Reptiles

No additional mitigation actions are needed since there will be no significant adverse
impacts to reptiles from any of the sea lamprey control strategies proposed.  Spawning-
phase sea lamprey traps may pose a slight threat for incidental capture of water snakes and
small turtles.  Traps are often more efficient in capture of sea lamprey when placed or
designed so the tops are slightly above the water level; this also provides air space for
incidentally caught reptiles, which usually then can be released unharmed (See Section
VII.A.1.i.).

j.  Birds

No additional mitigation actions are needed since there will be no significant adverse
impacts to birds from any of the sea lamprey control strategies proposed.  
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k.  Mammals

No additional mitigation actions are needed since there will be no significant adverse
impacts to mammals from any of the sea lamprey control strategies proposed.  

l.  User Conflicts

User conflicts and need for mitigation are discussed in Section VII.A.1.l.

3.  Unavoidable Adverse Impacts

Under Alternative 1 there will be some unavoidable adverse impacts.  During lampricide
treatments, some non-municipal water supply systems and private water supplies will be
briefly exposed to the lampricides TFM, TFM/niclosamide, or Bayluscide granules.  Water
use advisories intended to preclude human exposure to lampricides will inconvenience
affected persons for short periods of time (see Sections VII.A.1.a and VII.A.2.a).

 TFM or TFM/niclosamide treatments could cause short-term losses of aquatic worms and
leeches, black flies, burrowing mayflies, certain caddisfly species, and some other
invertebrates.  TFM-sensitive fish species may suffer mortality in some stream treatments. 
However, only American brook lamprey, silver lamprey, stonecat, logperch, bluntnose
minnow and blacknose dace suffered mortality of greater than 500 individuals from 24
treatments totaling more than 141 stream miles during the entire eight-year experimental
control program.  For most fish species, substantially lower levels of mortality, or no
mortality occurred.  Stream lampricide treatments may also cause generally minor levels of
mortality to frog tadpoles, mudpuppies and salamanders. 

Appplications of  Bayluscide granules will likely result in mortalities of leeches,
chironomids and most species of snails and mussels in habiting treated delta or estuarine
tributary areas. during Bayluscide delta treatments.  Bayluscide treatments in these areas
will likely result in mortalities in several species of fish, but primarily juvenile banded
killifish, mimic shiner, and spottail shiner, as was observed during the experimental
program.  These impacts can be reduced, however, if “spot” treatments can be conducted
precisely targeting specific locations located sea lamprey infestations on delta areas and
lower rivers.

Sea lamprey barriers will have physical habitat, biological, and aesthetic impacts.  Low-head
or adjustable crest barrier dams may increase the frequency of seasonal flooding upstream. 
They may also block in-stream movements of  non-jumping fish species if not designed and
constructed with proper fish passage facilities.  Electrical barriers may also restrict the
movements of non-target species while energized.  All barriers would impact the aesthetics
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of the natural stream channel.  Some barriers may be located out of sight of normal
viewing, however. 

Improvement in salmonid abundance, size, survival and appearance would likely lead to the
continued growth of the salmonid sport fishery.  This could lead to some increases in
conflicts among anglers, and between anglers and landowners, especially with respect to
shore-based or stream fishing access sites near salmonid concentration points.  Some
conflicts did arise during the experimental program, but they were generally rare and
isolated incidents.

4.  Beneficial Impacts

Alternative 1 will result in substantial beneficial impacts.  The implementation of a sea
lamprey control program by the states of New York and Vermont, and the Service
demonstrates that the agencies have responded to their mandated and professional
responsibilities to effectively manage the natural resources of Lake Champlain for public
benefit. 

Alternative 1 limits the impact of a harmful invasive species.  After full implementation of
the strategies under the Proposed Action, the fish community in Lake Champlain will be
restored to a level that it may have historically supported.  Salmonids will inhabit the under-
utilized pelagic (open water) habitat and tributaries would support spawning runs that would
create additional angling opportunities.  The rare opportunity to fish for landlocked Atlantic
salmon would be enhanced.  Fishways constructed to pass salmonids and other species over
dams will provide more opportunities for people to fish for and to watch these fish.

Increased survival of salmonids in response to a reduction in parasitic-phase sea lamprey
abundance should lead to greater abundance of mature spawners and more natural
reproduction, which would  result in the need to stock fewer fish.  This would reduce
salmonid management program costs, while maintaining optimum salmonid fishery
densities.  The increased survival of lake trout, landlocked salmon, steelhead, and brown
trout will be reflected in increased angler catch and greater abundance of trophy fish.  The
number of annual angler trips may increase generating economic benefits up to an
estimated $42.2 million (Gilbert 1999b, 1999d).

Populations of native lamprey species may also benefit from reduced competition by sea
lamprey in some tributaries where certain control methods and mitigating measures are
employed.  Sea lamprey control using barriers or trapping may have the greatest beneficial
impacts on native lamprey. 

Aesthetics and angler satisfaction will be improved by the reduction in lamprey-inflicted



214

wounds on salmonids. Swimmers, SCUBA divers, windsurfers and other boaters will
experience fewer sea lamprey attachments.

Increases in the number of anglers and the tourism industry in general will create a large
clientele with vested interest in protecting Lake Champlain’s aquatic resources.  Public and
political support on future environmental initiatives will likely be enhanced by the proposed
program.

5.  Irreversible and Irretrievable Commitments of Resources

Alternative 1 will not result in any substantial loss of environmental resources.  Lampricide
treatments will not cause any irreversible or irretrievable impacts on the resources of Lake
Champlain, except for mortalities to individual sea lamprey and some individuals of various
nontarget species.  The exhaustive body of evidence discussed in this document
demonstrates that there will be no irreversible loss or extripation of any population of any
Lake Champlain species (including sea lamprey) as a result of the Proposed Action.  Some
proposed low-head barrier dams may result in minor semi-permanent loss of lotic habitat,
but such barriers can also be removed and the stream channels restored to their natural
condition.  Substantial funding would be committed to definitive feasibility studies at each
potential sea lamprey barrier site as well as land acquisition, construction, operation and
maintenance.  Irreversible and irretrievable commitments of public funds in the form of
time, personnel and materials will be made to conduct the sea lamprey control program.

6.  Growth Inducing Impacts

The FEIS predicted increases in sport fishing activity as well as subsequent economic
growth as a result of the eight-year experimental control program.  This section describes
the growth inducing impacts of Alternative 1 as expected through reference to what
occurred during the experimental control program.  The discussion below is based on
several economic-related studies conducted by Gilbert (1997, 1998, 1999b-e) which
culminated in the benefit:cost analysis of the eight-year experimental sea lamprey control
program.  Estimated increases in use of Lake Champlain (i.e. angling, boating, swimming,
etc.) and expenditures were calculated from data obtained from random mail surveys.  The
survey methodology was designed to measure, among other things: (1) the planned annual
increase in participation if the demonstrated success of the eight-year experimental sea
lamprey control program continues and, (2) respondents willingness to pay if the
demonstrated success of the eight-year experimental sea lamprey control program
continues.
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a.  Types of growth

Estimated angler trips for anglers targeting salmonids increased by 47 percent between
1990 and 1997 (Gilbert 1999b, 1997).  The FEIS separated potential growth in angler
activity into several categories and Gilbert (1999b, 1998) evaluated what effects a
continued sea lamprey control program would have on them.  Non-anglers and anglers
estimated they would fish a total of 1.5 million more days annually on Lake Champlain if
the control program maintains or continues to improve the fishery. 

Stimulation of local, resident nonanglers to begin fishing, because of proximity to quality
angling:  Planned participation of local resident nonanglers (local is defined as users
residing within an approximately 35-mile wide zone around lake Champlain) if sea lamprey
control is continued, is estimated at 190,925 total days per year (Gilbert 1998).  When
New York and Vermont households are compared, New York generated the higher planned
participation total of 146,715 days.  The Vermont generated planned participation was
estimated at 44,210 total days per year.

Local, resident anglers would fish more because of improved angling quality:  Similarly,
New York and Vermont current resident anglers would increase their fishing activities if
the control program improved the angling quality.  An anticipated increase of 350,876 and
659,138 total days per year were estimated from New York and Vermont anglers,
respectively (Gilbert 1999b).

Intrastate transfer of resident effort from New York and Vermont waters to Lake
Champlain:
Anglers fishing other bodies of water also plan to increase their fishing activity on lake
Champlain should sea lamprey control continue.  New York anglers planned to increase
their fishing an average of 18.2 days per year or a total of 103,722 days on Lake Champlain,
while Vermont resident increases are estimated at an average of 16.4 days or 170,380 total
days (Gilbert 1999b).

Transfer of effort by nonresident anglers from other New York or Vermont waters to Lake
Champlain:  As with the resident anglers, nonresidents fishing other bodies of water also
plan to increase their fishing activity by 56,540 days per year; an average increase of 13.1
days per angler (Gilbert 1999b).

The growth in fishing activity will also result in economic growth.  Gilbert (1999d)
estimated that an additional $4.2 million will be spent annually on fishing-related items. 
Gross business income of 98 fishing and fishing related businesses that sold fishing goods
increased 32.9 percent during the experimental control program (1991 to 1997)(Gilbert
1999d).  Furthermore, 35.4 percent of these business owners had definite plans to expand
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should the sea lamprey control program continue. 

b.  Characterization of the Lake Champlain fisheries

Alternative 1 would result in an increase in lake angling for more and larger lake trout and
landlocked salmon and improved tributary fishing for salmon, steelhead trout, and to a
lesser extent, brown trout.

Total catch of lake trout increased 76 percent during the experimental sea lamprey control
program, from an estimated 23,450 in 1990 to 41,162 in 1997, while average weight of
harvested lake trout increased 7 percent (Fisheries Technical Committee 1999).  The
proportion of examined lake trout in the harvest greater than 25 inches in total length
increased 42 percent, from 20 percent in 1990 to 28.3 percent in 1997.

The eight-year experimental program improved survival of adult salmon, as evidenced by
increased numbers returning to Lake Champlain tributaries.  The median annual number of
1-lake-year and 2-lake-year salmon captured at the Willsboro Fishway in the Boquet River
increased from 5 to 29 and from 1 to 8.5, respectively, during the post-treatment period
(Fisheries Technical Committee 1999).  Improvements were also seen in the Saranac River
fall creel survey results in 1996 versus 1991, with a doubling in estimated numbers of 1-
lake-year fish caught.  Greater gains were also estimated in 2- and 3-lake-year fish caught
from the Saranac and three 4-lake-year fish were caught in 1996 compared with none in
1991.  Implementing Alternative 1 will further increase the quality of the salmonid fishery,
increase  numbers of salmonids caught by anglers and increase numbers of salmonid fishing
trips.

c.  Ancillary growth

Non-fishing related growth has occurred as a result of the control program and will likely
continue to increase under Alternative 1.  Lake Champlain users participating in water-
based activities including boating, swimming, windsurfing, skin diving, bathing, and
waterskiing increased their recreational use of the lake 153,539 days per year, on average,
during the control program (Gilbert 1998).  If sea lamprey control continues, planned
participation in water-based recreation on the lake is estimated to increase 578,280 days
annually by people currently using the lake and by 338,671 days by those not yet recreating
on the lake.  In all three cases, boating and swimming represented the majority of the
increase.  The financial impact on the regional economy due to these increases could be
substantial.  The increased participation during the control program by households within a
35-mile study zone generated an estimated $5.3 million.  Planned participation in water-
based recreation on the lake is estimated to annually generate an additional $17.7 million
by people currently using the lake and $8.5 million by those not yet recreating on the lake
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(Gilbert 1998).

Increased lake use by non-anglers will likely stimulate further economic growth in the
region.   Ancillary growth of visitation, economic growth and need for services are difficult
to project,  however.  The Champlain Valley has many attractive features that draw interest
from a host of different clientele.  Historic sites, museums, fall foliage, hunting, hiking,
and skiing are but a few of the attractions that the region has to offer.  The proposed
alternative which provides effective sea lamprey control will likely augment these other
recreational attractions and the Champlain region will be known to also have an exceptional
salmonid fishery.
 

d.  Competition for growth

Anglers tend to utilize areas which provide the best angling opportunities and facilities that
accommodate their personal and boating needs.  In Lake Champlain, these areas can be
expected to be in Plattsburgh, Peru, Port Kent, Keeseville, Port Douglas, Willsboro Bay,
Willsboro, Essex, West Port and Port Henry in New York and East Alburg, Swanton, St.
Albans Bay, Grand Isle, Isle La Motte, North and South Hero, Burlington, Shelburne,
Charlotte, Vergennes, and Chimney Point in Vermont.

While ease of access to prime fishing areas is important, these communities’ ability to
provide desired services such as boat access, dockage, food, lodging, guides, fuel, tackle,
bait, and fishing licenses, would also contribute heavily to their ability to compete for
business.  For example, anglers may choose to fish for salmon in the Boquet River or for
lake trout off  Willsboro Point.  However, lack of desired lodging or camping
accommodations in the immediate area may deflect them to other communities, alternative
rivers, or other access locations with adequate services.  Thus, unless local
accommodations can meet site-specific demand, use may be concentrated in
areas/communities with necessary facilities and services, rather than dispersed more
geographically according to fish resource availability.

e.  Infrastructure capacity

Prior to the eight-year experimental sea lamprey control program, NYSDEC and VTDFW
conducted an infrastructure capacity survey of the three New York counties and five
Vermont counties adjacent to Lake Champlain.  The purpose of the 1987 survey was to
obtain information regarding the capability of each county’s tourist related infrastructure to
adequately handle anticipated angling growth.  The resulting correspondence and
questionnaires can be found in the FEIS, Appendix J, while a summary of the survey
responses is given in Table VI-26 of the FEIS.  Generally, the survey indicated that, at that
time, the existing infrastructure was capable of sustaining the anticipated increase in use,
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but that some improvements were necessary, particularly since results of the control
program were expected to impose further demands on these systems (NYSDEC et al.
1990).

In 1997, a similar study was conducted to estimate the current and planned (1998-2004)
capacity of the public and private boat launching sites, shore-based fishing sites, law
enforcement, and search and rescue units that serve Lake Champlain (Gilbert 1999c). 
There are 84 boat launching sites and 10 dedicated shore-based fishing sites on Lake
Champlain and its major tributaries.  The percentage of total parking at the launching sites
available during the summer of 1997 was 81 percent and 53 percent for weekdays and
weekend/holidays, respectively.  Available capacity is fairly evenly distributed from north
to south along Lake Champlain and the overall condition of the sites is good.

Law enforcement and search and rescue units did not experienced any measurable impact
from the eight-year control program on their activities and did not anticipate any substantial
changes in the immediate future (Gilbert 1999c).

The states of New York and Vermont, the federal government, and towns and cities
bordering Lake Champlain spent $2.2 million between 1990 and 1997 on fishing-related
infrastructure and plan to spend an additional $2.1 million between 1998 and 2004 (Gilbert
1999c).  The amount of these existing and proposed expenditures attributable to sea
lamprey control is unknown, however, because the providers of these services were unable
to differentiate between use by anglers that benefit from sea lamprey control and other
anglers and users (e.g. pleasure boaters) that received little or no benefit from sea lamprey
control (Gilbert 1999c).

As was the case with the eight-year control program, the existing infrastructure is capable
of sustaining the anticipated increase in use under Alternative 1, but some improvements
will be necessary, particularly since the long-term control program will lead to greater
participation resulting from the higher quality fishery.  The accuracy of the infrastructure
data gained in the two studies and, therefore, the extent of the improvements necessary,
may be enhanced by conducting intensive, site-oriented surveys of infrastructure use
(Gilbert 1999c).

B.  Alternative 2.  Maintain Reduced Sea Lamprey Wounding Rates Attained                
   During the Experimental Period by Applying Chemical Lampricides.

1.  Adverse Impacts

Adverse impacts discussed under Alternative 1 in Section VII.A. would also apply to this
alternative but would be limited to impacts related to the use of lampricides only.
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a.  Water

The water impacts associated with Alternative 2 would be less than Alternative1 due to sea
lamprey control being limited to primarily those river systems included in the eight-year
experimental control program.

b.  Human Exposure

The potential for human exposure associated with Alternative 2 would be reduced compared
to Alternative1 due to sea lamprey control being limited to primarily those river systems
included in the eight-year experimental control program.

c.  Wetlands

Wetland impacts associated with Alternative 2 would be minimal and similar to those
associated with Alternative 1, or further reduced due to sea lamprey control being limited
to primarily those river systems included in the eight-year experimental control program.

d.  Endangered and Threatened Species

Potential for adverse impacts to endangered and threatened species associated with
Alternative 2 would be minimal and similar to those discussed for lampricide treatments
under the Proposed Action (See Section VII.A.1.d).

e.  Plants

No significant adverse impacts to plants are expected from implementing Alternative 2. 
See Section VII.A.1.e. for a discussion of plants relative to lampricide treatments.

f.  Invertebrates

No significant adverse impacts to invertebrates are expected from implementing
Alternative 2.  See Section VII.A.1.f. for a discussion of invertebrates relative to lampricide
treatments.

g.  Fish

Fish impacts associated with Alternative 2, in terms of sea lamprey attack damage, would be
greater than the Proposed Action.  Alternative 2 constrains the flexibility of the program by
limiting sea lamprey control only to lamprey infested streams, deltas, and methods
included in the eight-year experimental program.  Recent investigations have found
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additional sea lamprey populations in streams such as the Winooski and Pike River and
Morpion Stream.  Many of these expanding populations may be the result of improvements
in stream water quality.  If that is the case, then other Lake Champlain tributaries may also
harbor sea lamprey populations in the future.  Sea lamprey populations will also continue to
flourish in streams where chemical control is not recommended due to sensitive species,
or control methods otherwise feasible in such cases (e.g. trapping and barriers) could not
be employed.

Nontarget fish impacts associated with Alternative 2 would be similar to those discussed
for lampricide treatments under the Proposed Action.  See Section VII.A.1.g. for a
discussion of nontarget fish impacts relative to lampricide treatments.

h.  Amphibians

Amphibian impacts associated with Alternative 2 would be similar to those discussed for
lampricide treatments under the Proposed Action.  See Section VII.A.1.h.

i.  Reptiles

No adverse effects are anticipated for reptiles through direct exposure to treatment level
concentrations of TFM or by eating organisms killed during treatment (see Section
VII.A.1.i).  Any difference in impacts that may result from either Alternative 1 or 2 would
be undetectable.

j.  Birds

TFM is not expected to cause adverse effects on birds through direct exposure to treatment
level concentrations of TFM or by eating organisms killed during treatment (see Section
VII.A.1.j).  Any difference in impacts that may result from either Alternative 1 or 2 would
be undetectable.

k.  Mammals

No adverse effects are anticipated for mammals through direct exposure to treatment level
concentrations of TFM or by eating organisms killed during treatment (see Section
VII.A.1.k).  Any difference in impacts that may result from either Alternative 1 or 2 would
be undetectable.

l.  User Conflicts

It is expected that user conflicts associated with Alternative 1 would not be substantial (see
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Section VII.A.1.l.).  Therefore, user conflicts under Alternative 2 would similarly be low. 
Alternative 2 would still achieve a reduction in sea lamprey, and the quality level attained by
the fishery would dictate whether angler use would increase (along with the potential for
conflicts), remain stable or decrease.

2.  Mitigating Measures

Mitigating measures to minimize environmental impacts outlined under Alternative 1 for
lampricide treatments would also apply for Alternative 2.

3.  Unavoidable Adverse Impacts

Unavoidable adverse impacts outlined under Alternative 1 for lampricide treatments would
also apply for Alternative 2.  Under Alternative 2, however, the flexibility of the program is
limited by neglecting use of other control methods and additional lamprey infestations not
included in the eight-year experimental control program.  Lightly and newly infested stream
systems in which no control techniques are implemented may attract additional sea lamprey
that would contribute substantially to lake-wide lamprey abundance.  Untreated sea lamprey
populations would limit the potential of the lake’s fisheries.  Sea lamprey from these
untreated streams would be available to “re-seed” previously treated streams, and thereby
could cause some streams to be treated more frequently at additional environmental and
monetary costs.

4.  Beneficial Impacts

Beneficial impacts outlined under Alternative 1 would also apply for Alternative 2. 
However, these benefits would be reduced due to sea lamprey control being limited to
primarily those river systems and control methods included in the eight-year experimental
control program.  By generally disregarding other potential sea lamprey producing stream
systems and methods to control them, the full benefit of a sea lamprey program would not
be realized under Alternative 2.

5.  Irreversible and Irretrievable Commitments of Resources

Irreversible and irretrievable commitments of resources outlined under Alternative 1 would
also apply for Alternative 2.  However, no funding will be committed to definitive
feasibility studies for sea lamprey barriers.

6.  Growth Inducing Impacts

Growth inducing impacts outlined under Alternative 1, Section VII.A.6 would also apply for
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Alternative 2.

C.  Alternative 3.  Abandon Sea Lamprey Control as a Fisheries                                      
                Management Tool for Lake Champlain.  (No Action Alternative)

1.  Adverse Impacts

The termination of sea lamprey control in Lake Champlain will result in adverse impacts to
the lake’s fish populations, salmonid sport fishery, non-fishing related lake activities, and
economic benefits derived from them.  Sea lamprey parasitism will increase on both cold
and warm-water fish.  Sea lamprey wounding rates on salmon and lake trout will increase to
pre-control levels of over 50 wounds per 100 fish.  Lack of sea lamprey control will
severely limit the opportunity for lake trout and landlocked salmon fishery enhancement
due to the increase in sea lamprey-induced mortality rates on lake trout and landlocked
salmon.  Efforts to restore and enhance salmon and steelhead returns to Lake Champlain
tributaries would likewise suffer.  Survival of lake trout will decrease to pre-control levels
of between 35 and 45 percent.  Salmon survival as indicated by the numbers of fish
returning to the Willsboro Fishway and the Saranac River (as measured by the fall creel
surveys), will also decrease.

Increased wounding rates and decreased survival will result in a decline in the salmonid
fishery.  Low survival will result in fewer older, large lake trout (greater than 25 inches)
available to the angler.  Lake trout total catch could decrease to pre-control levels,
estimated at 23,345 fish in 1990.  Salmon catch in the Main Lake would decrease to pre-
control levels estimated at 3,790 fish in 1990.  Actual catch under Alternative 3 is difficult
to estimate as the above catch estimates are the result of heavy stocking and the presence
of sea lamprey.  Under Alternative 3, salmonid stocking strategies may be different (i.e.
fewer fish or selected species may be stocked; see Mitigating Measures below) than prior
to the sea lamprey control program.  Furthermore, sea lamprey abundance would likely be
much greater than before the control program.  This is due to continued efforts by the
states to improve water quality in the many tributaries to Lake Champlain which in turn,
provides a better environment for the sea lamprey to thrive.  

With fewer and less aesthetically acceptable fish available to the angler, the recreational
fishery will decline.  Gilbert (1999b, 1997) estimated angler trips targeting salmonids
increased 47  percent during the sea lamprey control program and that anglers would plan to
spend 21 percent more on fishing-related items if the program continued.  Termination of
the lamprey control program on Lake Champlain would result in a reduction of fishing trips
and fishing-related expenditures.

Non-fishing related lake activities would also suffer adverse impacts.  Swimmers, skin-
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divers, windsurfers, boaters and other water-based recreationalists would experience
undesirable sea lamprey encounters or attachments, producing psychological fears
associated with lamprey attachment.  The economic benefits of increase non-fishing
activities due to lamprey reductions would not be realized.

The opportunity for research and development of more environmentally friendly and
effective sea lamprey control techniques would be lost.

2.  Mitigating Measures

Adverse impacts identified under Alternative 3 would best be mitigated by effective sea
lamprey control.  Short of an effective control program, fisheries managers may provide a
limited salmonid fishery by (1) increasing numbers of salmonids stocked, (2) selecting
strains that have shown to have lower attack rates, (3) choose not to stock those species
that are highly susceptible to sea lamprey predation, (4) stock specific lake areas or
tributaries, (5) implement different management strategies within each lake basin (Main
Lake, Malletts Bay, Inland Sea).  Fisheries managers may also choose to reduce the
diversity of the fishery or place more emphasis on other species (walleye, northern pike,
panfish).

3.  Unavoidable Adverse Impacts

Uncontrolled sea lamprey parasitism in Lake Champlain would continue to cause the
adverse impacts discussed under Alternative 3.

4.  Beneficial Impacts

Beneficial impacts associated with Alternative 3 would include a lack of temporary water-
use restrictions associated with lampricide use, no risks to aquatic species from
lampricides, and agency funds being redirected to other fisheries programs.  Riparian
landowners would not be inconvenienced during lampricide treatments of streams and
deltas.  There would be no restrictions on the use of stream or lake water including
drinking, bathing, irrigation, and livestock watering.  Farmer’s cattle with access to streams
and/or lakeshore areas would not need to be moved or fenced away from the water. 
Arrangements for extra feed or water for these animals would not be necessary.

Non-landowners would likewise not be impacted under Alternative 3.  Public beaches that
may be temporally closed due to possible lampricide exposure under Alternatives 1 and 2
would not be affected under Alternative 3.  Anglers would be able to fish in areas proposed
for treatment under Alternatives 1 and 2 with no treatment-related restrictions.  The boats
at the marina at the mouth of the Salmon River would not require moving during delta
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Bayluscide treatments.

Georgia-Pacific Company in Plattsburgh, New York would not need to use city water
during the Saranac River and delta treatments.  The potential to affect the public water
supply of Phillipsburg, Quebec would be eliminated.

Minor impacts to plants and wetlands by TFM and Bayluscide treatments would not occur.

Organisms sensitive to lampricide treatments would not be exposed to chemicals. 
Nontarget fish species that are particularly sensitive to lampricides such as northern brook
lamprey (E-VT), American brook lamprey (T-VT), stonecat (E-VT), and silver lamprey
would not be affected.  Macroinvertebrate losses associated with stream and delta
treatments would not occur.  Special toxicity tests of potentially sensitive species would
not be needed.

There would be beneficial impacts from not constructing sea lamprey barriers on rivers as
proposed under Alternative 1.  Definitive feasibility studies, purchase of land or easements,
construction, and maintenance would not occur, at a substantial monetary savings.  No
restriction of stream flow would occur, which could have resulted in minor flooding of
upstream areas including wetlands and/or landowners property.  Minor increased stream
temperatures that may result from lower water velocities behind the barrier would not
occur.  There would be no impact to in-stream fish movement or to fish spawning
migrations.  Mussel recruitment dependent on some of these fish species as host, would
not be impacted.

There are beneficial monetary impacts associated with not funding a sea lamprey control
program.  These funds as well as state and federal fisheries staff time can be redirected to
other fisheries priorities.  Management could focus on other non-salmonid predator
species (walleye, bass, pike), panfish, and forage fish.

5.  Irreversible and Irretrievable Commitments of Resources

Federal funds and staff time for sea lamprey control on Lake Champlain would be lost.

6.  Growth Inducing Impacts

There would be no growth inducing impacts if sea lamprey control is not implemented on
Lake Champlain.
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D.  Cumulative Impacts

The Council on Environmental Quality (CEQ) defines cumulative impact as “the impact on
the environment [Lake Champlain] which results from the incremental impact of the action
[sea lamprey control] when added to other past, present, and reasonably foreseeable future
actions regardless of what agency or persons undertakes such other actions.  Cumulative
actions can result from individually minor but collectively significant actions taking place
over a period of time.”

There are recognized cumulative impacts associated with sea lamprey control on Lake
Champlain.  Fishery impacts are the most apparent and include those associated with the
ongoing salmonid restoration efforts initiated in the 1970's and continuing today.  There
are additive impacts to those restoration efforts and ancillary impacts to other important
recreational fisheries (walleye and smelt).  The fish community dynamics of Lake
Champlain are changing, and this program would markedly impact and modify changes
currently taking place.  Interactions between native and non-indigenous species have
become important problems within the Lake Champlain watershed, and resulting trophic
changes may be exacerbated by the results of a successful sea lamprey control program. 
Finally, there are predictable social and economic changes associated with successful sea
lamprey control. 

Fishery Impacts:  Lake Champlain salmonid restoration efforts are summarized in A            
Strategic Plan for Development of Salmonid Fisheries in Lake Champlain (Fisheries Technical
Committee 1977) and in Status Report - Conservation of Interjurisdictional Salmonid Species
and Habitats in the Lake Champlain Basin (Lake Champlain Fish and Wildlife Management
Cooperative 1998).  Salmonid stocking rates may change as a result of forage assessments
or changes in management strategy.  The recognition that Lake Champlain walleye and
salmonids are primarily utilizing the same rainbow smelt forage, warrants consideration in
management decisions regarding allocation of predator forage resources supporting
competing fisheries.  A management strategy geared toward salmonid restoration could
potentially impact concurrent walleye fishery restoration efforts.  Sea lamprey
management favoring salmonid restoration may not, likewise, favor walleye populations
because salmonids are expected to benefit more from sea lamprey control than would
walleye.  The Cooperative recognizes that smelt populations must be maintained to provide
adequate forage for predators and to support the existing recreational fishery for smelt.

An additive fisheries impact could be attributed to the establishment of sea lamprey
barriers (physical or electrical) on Lake Champlain tributaries.  Over the tenure of human
development in the basin during the past three hundred years, many of the tributaries were
dammed to harness water power.  Today, hydropower is responsible for the majority of
dammed tributaries existing in the Lake Champlain area.  Unless sea lamprey barriers
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incorporate effective fish passage facilities, development may add additional obstacles to
fish migrations.  Regardless of fish passage provisions, barriers may alter within-stream
movements of some fish (Noakes et al. 2000).  

Fish Community Dynamics:  Interacting species and the energy input to Lake Champlain
from internal and external sources determines the energy distribution within the Lake
Champlain ecosystem.  Clearly the addition of new species or the resurgence of depressed
species changes that energy distribution.  The recent establishment of zebra mussels and
the resurgence and proliferation of double-crested cormorants and ring-billed gulls may be
affecting Lake Champlain aquatic resources in ways that are difficult to predict.  Zebra
mussels are prolific filter feeders that channel nutrients from the water column to bottom
habitats, thus altering the pattern of energy flow.  In addition to sea lamprey, cormorants
and gulls are voracious fish predators that may impact fish populations through increased
predation associated with population expansion.  Predation by cormorants and gulls may be
changing the population structure of certain fish species and those impacts will continue to
occur with or without sea lamprey control.  If cormorant and gull predation is resulting in
reductions in Lake Champlain fish populations, then sea lamprey control may directly or
indirectly add or detract from those influences.  Direct effects (increased salmonid
populations), or indirect effects (increased predation or competition by fish species that
benefit from sea lamprey control), may exert additional pressures on those fish
populations.  

It is also recognized that other prolific invaders are poised to enter the Lake Champlain
system unless interdicting measures are implemented and are successful.  Alewife are
established within the watershed, but have not yet established in Lake Champlain.  Alewife
are noted for population instability and unpredictability as a salmonid forage base ( Brown
1972; O’Gorman and Schneider 1986).  They are also implicated in salmonid reproductive
problems due to nutritional insufficiencies when salmonids utilize alewife in their diet
(Fisher et al. 1996).  Non-native ruffe (Gymnocephalus cernuus) and round gobi (Neogobius
melanostomus) are now well established in the Great Lakes and are increasing their
geographic distributions, such that Lake Champlain may be at risk of infestation via
connecting waterways or direct transfer.  These exotic fish species pose very real
disruptive threats to the population structure within Lake Champlain.  Displacement of
native or naturalized species may result from exotic species introductions, and those
potential effects may alter species interactions and energy flow for the resources targeted
to benefit from sea lamprey management.

Social/Economic:  It is recognized that additive changes will occur as a result of successful
sea lamprey control.  Salmonid restoration will affect the social and economic structure in
a predictable way.  Gilbert (1999a, 1999c, 1999d) details the costs and benefits due to
increased recreational use and business expansion associated with the eight-year
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experimental sea lamprey program for Lake Champlain.  These benefit:cost analyses
indicated a 3.48 to 1 monetary benefit to the Lake Champlain region associated with that
program.  This economic benefit builds upon the already established sportfishing economy
based on natural and managed Lake Champlain fisheries established in the absence of sea
lamprey control.  These changes are viewed as largely positive ones.  Negative changes
might be associated with increased development and increased burden on the social
infrastructure and services.  These things are viewed as manageable and well within the
region’s adjustment capacity.  An increased tax base and increased external spending
associated with economic expansion would compensate for the additive economic and
social burden imposed through improved sportfishing participation and associated
development on Lake Champlain.
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VIII.  DEVELOPMENT OF CURRENT RIVER/DELTA - SPECIFIC SEA LAMPREY           
      CONTROL STRATEGIES FOR THE PROPOSED LONG-TERM CONTROL                  
   PROGRAM (Proposed Action).

A summary of sea lamprey control techniques being considered for implementation on
each Lake Champlain tributary system with known sea lamprey infestations can be found in
Table VIII-1.   The sea lamprey control methods listed are those determined to be feasible
for implementation under circumstances specified later in this section, and result from the
screening process described in Section V.  These techniques were selected following an
analysis of variables unique to each tributary system.  Other pertinent impacts and
mitigation concidered in this analysis was discussed in Section VII (Environmental
Consequences).  Locations of streams with a history of sea lamprey infestation were shown
in Figure V-1 and other pertinent information including location, stream flows, and
distances accessible to sea lamprey was listed in Table V-1.  More detailed stream-specific
maps pertinent to proposed sea lamprey control activities are included in this section.  All
cost estimates are listed in year 2000 funds.
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Table VIII-1.  Feasible stream-specific  sea lamprey control strategies developed as a result of the
screening process.  Techniques designated with an “X” are being considered for implementation on each
stream in combination or alone as a single technique, in the event control is employed.  Consideration of
new sea lamprey control alternatives will remain an ongoing process and they also will be screened for
applicability as they become available.  Full discussion of stream-specific sea lamprey control strategy
development follows in this section.

Tributary
System

TFM TFM/
Niclosamide

Bayluscide-
Delta

Barrier-
Maintain

Barrier- 
Construct

Trapping
Implement

1. Great Chazy R.
  a. Bullis Bk.

X
X

X X X

2. Saranac River X X X X X

3. Salmon River X X X X

4. Little Ausable R. X X X X

5. Ausable R.
  a. Dry Mill Bk.

X
X

X X

6. Boquet R. X X X X

7. Beaver Bk. X X

8. Mullen Bk. X X X

9. Putnam Ck. X X X

10. Mt. Hope Bk.
  a. Greenland Bk.

X
X

11. Poultney R.
  a. Hubbardton R.

X
X

X

12. Lewis Ck. X X

13. LaPlatte R. X X X

14.  Winooski R.
  a. Sunderland Bk. 

X
X

X
X X

15. Malletts Ck.
  a. Indian Bk.

X
X

X
X

16. Trout Bk. X X X

17. Stone Bridge Bk. X X X

18. Missisquoi R. X X X X

19. Youngman  Bk. X X X

20. Pike R.
  a. Morpion Str.

X
X

X
X X
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Figure VIII-1.

A.  Tributaries With Known Sea Lamprey Populations:

1.  Great Chazy River

Sea lamprey habitat

The Great Chazy River setting is shown in Figure VIII-1.  The known Great Chazy River sea
lamprey habitat begins near the Village of Champlain approximately 5.0 miles upstream
from the river mouth, and extends 15.6 miles upstream to a dam in the Hamlet of Mooers. 
Sea lamprey have historically had access to 20.6 miles of this river.  Estuarine portions of
the lower Great Chazy are presumably unsuited for larval sea lamprey colonization.  Bullis
Brook, a tributary in the upper reaches of the Great Chazy River’s sea lamprey infested
area, was reported in 1996 (John Gersmehl, USFWS retired, personal communication),  to
contain an estimated 0.5 miles of additional sea lamprey infested habitat.
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Treatment history/results

The Great Chazy River TFM treatment history is summarized in Table VIII-1 (Steinbach
1992a; Neuderfer 2000c).  

Table VIII-2.  Great Chazy River TFM treatment history and estimated sea lamprey mortality. 

Year of 
Treatment

River Miles
Exposed to TFM

Estimated Ammocoete 
Mortality

Estimated Transfomer
Mortality

1992 20.6 91,090 41,706

1996 20.6 22,317 395

2000 7.5 10,442 247

The Old Waterworks Dam, located 7.5 miles upstream of the mouth of the Great Chazy
River, was rebuilt in 1994-95 to act as a barrier to upstream spawning migrations of sea
lamprey adults.  Unfortunately, some sea lamprey discovered a way to pass upstream of the
dam, apparently through fractures in the underlying bedrock, and recolonized upstream
areas.  Escapement of lamprey upstream beyond the barrier necessitated the second whole-
river treatment.  Additional efforts to make the barrier impenetrable to sea lamprey
(placement of crushed stone and filter fabric in stream bed areas where sea lamprey
infiltration was suspected), were expended in 1997 and 1999. Year 2000 sea lamprey
assessment surveys indicated extremely low numbers of older-age larvae (all apparently
members of the same year class) ready to transform and emigrate to Lake Champlain from
areas upstream of the Old Waterworks Dam (also called the Frog Farm Dam).  Most of
these were sampled within the lowermost section of Bullis Brook where sea lamprey
control has never been conducted.  Only one ammocoete was collected from the river’s
main stem upstream of the dam.  The insignificant number of larvae and the high cost and
long duration of Great Chazy whole-river TFM treatment, lead to the decision to apply TFM
at the Old Waterworks Dam, and treat only the river downstream of that point in September
2000.   If the aforementioned or future modifications can be made to effectively eliminate
sea lamprey colonization of areas upstream of the dam then subsequent treatments can take
place at the Old Waterworks Dam.  A sea lamprey trapping system has been incorporated
into the structure of the new dam and has proven to be an effective means of capturing adult
lamprey during upstream migrations. 

Screening process

Estimated sea lamprey transformation

The Great Chazy has the potential to produce a minimum of nearly 42,000 sea lamprey
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transformers annually as determined from estimates generated from target mortality
assessment during the experimental control program.

TFM  

C Technical considerations:  TFM application is technically feasible on the Great
Chazy River.  Diurnal pH shifts that affect TFM toxicity require careful treatment
planning, especially during periods of very low flow.  However, conducting
treatment under higher flows in fall or late spring may make this problem more
manageable.  The Great Chazy River setting readily accomodates the positioning of
TFM boost sites for maintenance of target chemical concentrations.  The length of
river requiring TFM treatment will determine the staffing necessary to accomplish
such treatments.  If the Waterworks Dam is not 100 percent effective against sea
lamprey upstream passage future treatments may need to start at the Moores Dam
(river mile 20.6).  All associated treatment activities would be extended under this
“upper” river treatment scenario (TFM primary application at Mooers with several
TFM boosts required to maintain chemical concentrations at levels toxic to sea
lamprey).  Staffing requirements will include TFM boosting applications and
considerably longer durations of chemical treatment and presence of chemical
within the river.  Some reductions in these durations may be achieved if treatments
were conducted during higher spring discharges rather than during typically low fall
flows.  Sea lamprey infestations in Bullis Brook would require TFM treatment in
conjunction with any TFM treatment of the upper Great Chazy River.  Secondary
treatment of backwater areas may occur to treat sea lamprey refugia that would not
receive lethal TFM doses.

C Nontarget concerns:  No threatened or endangered species are known to exist within
lampricide treatment areas of the Great Chazy River.  Nontarget mortality
associated with two TFM treatments initiated at the Mooers Dam and occurring
during experimental sea lamprey control, are listed by the Fisheries Technical
Committee (1999).  Nontarget mortality resulting from the third treatment in 2000,
which began at the Old Waterworks Dam, was generally consistent with past
treatments, except that dead northern brook lamprey were not observed, but they
have never been observed downstream of the Old Waterworks Dam; for the first
time, a dead silver lamprey was collected (Neuderfer 2000).  Nontarget animals
most likely to experience mortality on the Great Chazy River are northern brook
lamprey (if treatment occurs upstream of the Old Waterworks Dam),  stonecats, log
perch, two-lined salamanders, mudpuppies, and frog tadpoles.  All salamanders
collected in post-treatment assessments were identified to species only in year
2000.  The presence of these affected animals among identified nontargets after
each treatment of the same river segments indicates that their populations have been
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resilient in treated areas of the Great Chazy.  Adverse impacts on these species were
limited and temporary.  Future TFM treatments would likely result in similar
nontarget effects. Provision has been made to slightly reduce the TFM
concentrations in river areas corresponding to prime muskellunge habitat.  Spring
walleye spawning runs reach the Waterworks Dam, and the presence of these fish in
spring is a consideration regarding lampricide treatment timing and setting TFM
target concentrations.  However, the reduced diurnal pH fluctuation expected in the
spring would likely reduce impacts to nontargets affected in previously conducted
fall treatments.  See Section VII.A.1 for additional information regarding nontarget
impacts and Section VII.A.2. for mitigating measures.

C Human impacts:  Long-duration water use advisories associated with past Great
Chazy River TFM treatments have required a substantial commitment of effort
providing alternative water supplies for river and lake water users.  It may be
necessary to move or temporarily fence livestock from TFM-affected water and/or
provide bulk water supplies to affected herds.  In one livestock operation nearly 600
cattle may require alternate water supplies.  Lush aquatic plant growth in King Bay
slows TFM plume dissipation and extends advisories during fall treatments.  Spring
treatments, prior to full growth of aquatic plant beds, would be expected to reduce
this impact to water users.

• Habitat impacts:  No unique impacts.

C Cost:  The projected cost associated with a TFM treatment of the Great Chazy River
beginning at the Mooers Dam is estimated at $94,686 per treatment or $23,672 per
year based on a four-year treatment cycle.  If the Old Waterworks barrier dam can be
made effective, substantial savings can be realized in terms of staffing and
mitigation costs.  Projected cost of a TFM treatment beginning at the Waterworks
Dam is estimated at $75,683, or $18,921 per year based on a four-year treatment
interval.

TFM/Niclosamide

C Technical considerations:  Some Great Chazy River flows are such that use of the
TFM/niclosamide combination treatment may be possible and result in a substantial
reduction in the amount of chemical used. The Great Chazy River has been one of
the most demanding Lake Champlain streams to treat with TFM.  Treatment
durations have been several days long.  Staffing requirements are extensive,
necessitating personnel for round-the-clock laboratory analyses, lampricide
application and application supervision for the duration of the treatment, and daily
support staff for supplies, water deliveries, and fencing checks.  Several boosts were
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necessary to maintain chemical concentrations in the stream.  The complexity and
additional staff necessary to accommodate TFM/niclosamide combination treatment
make a full-river Great Chazy treatment more difficult but still feasible (see Section
IV.A.2.).  The more likely application point for TFM/niclosamide combined
treatment is at the Old Waterworks Dam.  If treatment were to occur at the Old
Waterworks Dam, then complexity and staffing constraints become a lesser factor,
and the consideration becomes stream flow.   Decisions regarding the use of 
TFM/niclosamide combination treatment would be deferred until pre-treatment
assessments provide the necessary information to guide decision-making. 
Secondary TFM treatment of backwater areas may occur to treat sea lamprey refugia
that would not receive lethal TFM/niclosamide doses.

• Nontarget concerns:  Impacts of the TFM/niclosamide combination on nontarget
organisms, and associated mitigating measures, are similar to those for TFM (See
Sections VII.A.1. and VII.A.2.).

• Human impacts:  Human impacts would be similar to those listed under TFM.  Water
use advisory durations may be reduced due to the overall reduction in concentrations
of overall active ingredient applied during a TFM/niclosamide treatment.

C Habitat impacts:  No unique impacts.

C Cost:  TFM/niclosamide combination chemical treatment would be cost effective if
the river flows at time of treatment are high enough to warrant this type of
lampricide treatment.  A full river TFM/niclosamide combination treatment is
projected to cost $76,438 per treatment or $19,110 per year based on a four-year
cycle of treatment.  The projected cost of a combined lampricide treatment with a
single application point at the Waterworks Dam is $63,873 per treatment or
$15,968 per year based on a four-year treatment cycle. 

Bayluscide 3.2% Granules 

• Technical considerations:  No use of Bayluscide 3.2% granules is proposed for the
Great Chazy River system.  This formulation is most appropriate for use in estuaries
or lake regions (deltas).  However, the estuary and the delta of the Great Chazy are
presumably not infested by sea lamprey.   

Barriers 

C Technical considerations:  A sea lamprey barrier has been established on the Great
Chazy River at the Old Waterworks Dam (river mile 7.5).  However, fractures in the
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bedrock underlying the dam must be blocked to make the structure 100 percent
effective as an adult sea lamprey barrier.  Efforts to eliminate upstream escapement
to date have included placement of crushed stone and filter fabric over leakage areas
upstream of the dam.  After assessment of these measures, additional efforts to
improve the barrier will be considered if necessary.  No other suitable barrier dam
site(s) exist closer to Lake Champlain than the Waterworks Dam.  Establishment of
an electronic barrier is not feasible due to the presence of an important walleye
spawning run.  Therefore, no further barrier development is proposed.

C Nontarget concerns:  No additional nontarget effects were created due to the
reconstruction of the Old Waterworks Dam. 

C Human impacts:  Human impacts are favorable, as a dilapidated municipal structure
was refurbished at no cost to the local community.  Dam safety specifications were
inadequate prior to rebuilding of the dam.  Any other human impacts would be long-
standing and associated with the original dam construction.

C Habitat impacts:  No unique impacts.  The Old Waterworks Dam was a pre-existing
structure that has been reconstructed at the same site and elevation as the original
dam. 

C Cost:  Future costs associated with the Old Waterworks Dam would involve short-
term measures to make the barrier 100 percent effective against adult sea lamprey
penetration to upstream areas, occasional maintenance, and refurbishment of the
dam at the end of its workable life (estimated at 50 years).  Costs should be minimal
for the life of the current structure and are estimated at $1,898 per year.

Trapping

C Technical considerations:  Provision for adult sea lamprey trapping has been made at
the Old Waterworks Dam.  A sea lamprey trap was incorporated into the design of
the barrier and has been built into the structure. 

C Nontarget concerns:  No unique concerns.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  The adult sea lamprey trap is already in place and is equipped with durable
hardware.  Associated costs are estimated at $5,308 per year including the staff
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necessary to operate and maintain the trap.  The life expectancy of the trap is similar
to the 50-year estimated life of the dam structure.

Great Chazy River Control Strategy

The control methods found technically feasible for the Great Chazy River include TFM and
TFM/niclosamide application, maintenance of the existing barrier and trapping at the
barrier.  Lampricide treatments will be essential to reduce sea lamprey abundance here and
anticipated impacts were found acceptable.  The Old Waterworks Dam would be maintained
and efforts to improve the structure as a sea lamprey barrier would continue.  Trapping
spawning-phase sea lamprey at the barrier also would continue.  As other control methods
become feasible for use on the Great Chazy River, the sea lamprey control strategy will be
reevaluated.  The following sea lamprey control strategy is recommended:

1.  Maintain a sea lamprey barrier at river mile 7.5.  This includes work to make the dam 100
percent effective as a sea lamprey barrier.

2.  Apply TFM or TFM/niclosamide combination at the barrier at approximately four-year
intervals.  The time interval could be adjusted should sea lamprey surveys indicate either slow
recolonization or early metamorphosis.  Springtime treatment will be considered as it may afford
more effective treatment conditions, reduce nontarget impacts and reduce advisory durations.

3.  Trap spawning-phase sea lamprey at the barrier.

4.  Apply TFM or TFM/niclosamide at river mile 20.6 if necessitated by substantial upstream
penetration of the Old Waterworks Dam by spawning-phase sea lamprey.

1a.  Bullis Brook

Bullis Brook (see Great Chazy River site map, Figure VIII-1), has not been included among
streams targeted for sea lamprey control in the past, but recent surveys (Nurderfer 2000c)
have indicated larval sea lamprey presence in this tributary.  Because a barrier has been
established well downstream of this tributary at the Old Waterworks Dam, no control is
planned for Bullis Brook unless sea lamprey are able to penetrate the barrier and reseed
larval sea lamprey habitats in the brook and in the upper reaches of the Great Chazy River. 
Should sea lamprey penetrate the Old Waterworks Dam barrier in numbers sufficient to
warrant control measures, then Bullis Brook would be included in those control activities.  

Sea lamprey habitat

Bullis Brook is known to contain approximately 0.5 mile of sea lamprey habitat.  Sea
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lamprey larval surveys will be required to better assess the extent and distribution of sea
lamprey within the stream.

Treatment history/results

Bullis Brook was not included in the experimental control program.

Screening process

Estimated sea lamprey transformation

Preliminary Bullis Brook larval surveys were not designed to project the production of
transformers to the Great Chazy River system and no transformer estimates are available. 
Future sea lamprey assessments may be conducted to determine the need for sea lamprey
control on Bullis Brook. 

TFM

• Technical considerations:  There are no apparent logistical issues which would
preclude TFM  treatment of Bullis Brook.  Secondary treatment of backwater areas
may occur to treat sea lamprey refugia that would not receive lethal TFM doses.

• Nontarget concerns:  There are no known nontarget concerns for Bullis Brook.  No
threatened or endangered species are known to be present within the proposed
treatment area of Bullis Brook.  Preliminary surveys are suggested prior to making
definitive decisions regarding TFM application there.  See Section VII.A.1 for
additional information regarding nontarget impacts and Section VII.A.2. for
mitigating measures.

• Human impacts:  No unique impacts are known specific to Bullis Brook.

• Habitat impacts:  No unique impacts. 

• Cost:  The costs of treating Bullis Brook are incorporated into the full-river TFM
treatment of the Great Chazy River.

TFM/Niclosamide

• Technical considerations:  The small size of Bullis Brook precludes the use of a
TFM/niclosamide combination treatment.  If a full-river combination treatment is
proposed for the Great Chazy River then Bullis Brook would receive an application
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of TFM only.

Bayluscide 3.2% Granules

• Technical considerations:  Application of Bayluscide 3.2% granules is inappropriate
for use in the riverine environment of Bullis Brook. 

Barriers

• Technical considerations:  A barrier is not proposed.  The technical feasibility of
barrier establishment on Bullis Brook is unknown.  However, sea lamprey
encountering a barrier would probably redistribute to areas of the Great Chazy River.

Trapping

• Technical considerations:  The small size of Bullis Brook would probably allow for
effective trapping if a suitable site could be found.  However, access difficulty (far
side of the Great Chazy River from the nearest access point) and the probable
insignificant net result of the effort compared to the available habitat and sea
lamprey production potential  of the Great Chazy River, would render a trapping
effort difficult and ineffective as a meaningful control strategy.  Should a lampricide
treatment be required on the upper Great Chazy River it would probably be
necessary to treat Bullis Brook with TFM at some location, regardless of trapping,
to eliminate the tributary as a refuge from Great Chazy TFM concentrations. 
Trapping is not proposed for Bullis Brook.

Bullis Brook Control Strategy

TFM application is the only technically feasible control method for Bullis Brook.   If the
sea lamprey barrier at the Old Waterworks Dam prevents sea lamprey access to the upper
Great Chazy River and Bullis Brook, sea lamprey control would not occur on Bullis Brook. 
If it becomes necessary to treat the upper Great Chazy River, however, Bullis Brook would
be treated with TFM simultaneously with a TFM or TFM/niclosamide treatment of the
Great Chazy River to eliminate the tributary as a refuge.  The necessity of this lampricide
treatment would preclude other sea lamprey control efforts.  As other control methods
become feasible for use on Bullis Brook the sea lamprey control strategy will be
reevaluated.  The following sea lamprey control strategy is recommended:

1.  Apply TFM only in conjunction with full river TFM or TFM/niclosamide treatment on the
Great Chazy River. 
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2.  Saranac River and Delta

Sea lamprey habitat

Sea lamprey can access the Saranac River from its mouth to the Imperial Mill Dam at river
mile 3.3 (see Figure VIII-2).  Most sea lamprey are located in the lower reaches of the river
near the mouth and on approximately 175 delta acres.  Most of the uppermost habitat in the
river is unsuited to sea lamprey larvae, and populations there are very small.  Ammocoetes
require softer sediments for burrowing than are typically available in all but the lowermost
reaches of the river and its delta.  Unchecked, the delta has the potential to produce large
numbers of sea lamprey.
Treatment history/results

The Saranac River TFM and Delta Bayluscide treatment history is summarized in Tables
VIII-2 and VIII-3 (Fisheries Technical Committee 1999; NYSDEC, Ray Brook, NY
unpublished file data).  TFM application was technically straightforward except for
troublesome fluctuations in stream flows attributed to hydroelectric dam flow
manipulations occurring upstream.  No boosts were necessary to maintain TFM
concentrations and diurnal pH shifts were not a factor.  Sea lamprey surveys prior to
scheduled 1996 treatment indicated that sea lamprey numbers in the Saranac River at that
time did not warrant treatment, and thus it did not take place.  Bayluscide 5% granule
applications on the delta were accomplished using cropduster aircraft. 
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Figure VIII-2

Table VIII-3.  Saranac River TFM treatment history and estimated sea lamprey mortality.

Year of
Treatment

River Miles
Exposed to TFM

Estimated Ammocoete 
Mortality

Estimated Transfomer
Mortality

1992 3.3 391 3

Table VIII-4.  Saranac River Delta Bayluscide treatment history.

Year of
Treatment

Acres of Delta 
Treated with Bayluscide

Estimated Sea Lamprey 
Mortality

1991 154 240,317

1995 137 no estimate
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Screening process

Estimated sea lamprey transformation

Post-treatment sea lamprey mortality assessments following the TFM treatment of the
Saranac River found only three transformers among the samples collected.  Even with the
recognition that this represented a minimal estimate of transformer production, it was
concluded that Saranac River transformer production was low.  No transformer production
estimates were made for the Saranac River Delta but it is recognized that the delta has the
potential to produce considerable numbers of transformers if the river and/or delta sea
lamprey populations are left uncontrolled over an extended period of years.

TFM

• Technical considerations:  The lampricide TFM may be used to provide the level of
sea lamprey control necessary for the Saranac River.  TFM application would occur
below the Imperial Mill Dam.  Troublesome fluctuating flows from numerous
hydroelectric facilities upstream would necessitate close scrutiny and appropriate
adjustments of TFM application rates should such events occur during treatment. 
The Saranac River is relatively easy to treat, but the large volume of TFM required is
costly.  Secondary treatment of backwater areas may occur to treat sea lamprey
refugia that would not receive lethal TFM doses

• Nontarget concerns:  Nontarget mortality encountered during the 1992
experimental TFM treatment are listed by the Fisheries Technical Committee
(1999).  Based on this first treatment, stonecats, a TFM-sensitive species would
likely suffer mortality should future TFM treatments be conducted on the Saranac
River.  No threatened or endangered species are known to exist within the proposed
treatment area of the Saranac River. Therefore, no special mitigation measures are
necessary and typical treatment protocol will be followed.  See Section VII.A.1 for
additional information regarding nontarget impacts and Section VII.A.2. for standard
mitigating measures.

• Human impacts:  A unique and expensive impact involves providing the Georgia-
Pacific Corporation paper mill with an alternate water source during advisories.  The
mill normally draws water from the lake, but during water use advisories its water
supply can be switched to the City of Plattsburgh water system until advisories are
lifted. 

• Habitat impacts:  No unique impacts.
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• Cost:  TFM treatment of the Saranac River is expensive (estimated at $101,553 per
treatment or $25,388 per year based on a four-year treatment cycle) due to the large
amount of TFM (valued at approximately $50,000) required.  The estimate includes
the cost of water provided to Georgia-Pacific Corporation projected at $25,000 per
treatment.
TFM/Niclosamide

• Technical considerations:  The use of TFM/niclosamide combination is likely
appropriate as a replacement for TFM alone should the entire 3.3 mile segment of
sea lamprey accessible river be treated with lampricide.  High river flows compared
to other streams suggests that a  TFM/niclosamide combination treatment offers
monetary cost advantages and would reduce overall volume of chemical used
compared to a TFM treatment.  The simultaneous use of the two chemicals
represents a conservation measure as less chemical is necessary compared to TFM
use alone.  This treatment requires no boosts.  Therefore, the increased staff
required to treat simultaneously with TFM/niclosamide is acceptable and technically
feasible (see Section IV.A.2.).  Secondary treatment of backwater areas with TFM
may occur to treat sea lamprey refugia that would not otherwise receive lethal
TFM/niclosamide doses.

• Nontarget concerns:  Impacts of the TFM/niclosamide combination on nontarget
organisms, and associated mitigating measures, are similar to those for TFM (See
Sections VII.A.1. and VII.A.2.).

• Human impacts:  Human impacts would be similar to those listed for TFM except
that the duration of water use advisories may be shorter than with TFM, due to the
overall reduction in chemical used.

• Habitat impacts:  No unique impacts.

• Cost:  Costs associated with TFM/niclosamide treatment of the Saranac River are
estimated at $47,455 per treatment or $11,864 per year based on a four-year
treatment cycle.  This estimate includes the cost of water provided to Georgia-
Pacific Corporation projected at $15,000 per treatment.  This projected water
supply cost assumes less total chemical used and shorter resulting advisory times. 

Bayluscide 3.2% Granules

• Technical considerations:  Sea lamprey control experience, changes in Bayluscide
formulation, and the investigation of survey technology has resulted in several
proposed sea lamprey survey and control changes for the Saranac River and Delta. 
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Because sea lamprey in the Saranac River are concentrated near the mouth, there
may be an opportunity to target sea lamprey in those limited areas of distribution by
spot-treating infestations with Bayluscide 3.2% granules.  Riverine sea lamprey
infestations could be mapped using deepwater electrofishing gear and conventional
electrofishers. Those areas can then be targeted with Bayluscide using portable
applicators from the river bank and/or from boats.  This method could replace
whole, 3.3 mile river TFM or TFM/Bayluscide combination treatments,  maintain
low sea lamprey levels on the river and limit recolonization of sea lamprey
infestations on the delta.  Proposed delta Bayluscide treatments would be limited to
that area treated during the experimental program in 1991 and 1995 and eventually,
may be limited to areas of sea lamprey infestation as indicated by infestation maps
to be generated through use of deepwater electrofishing technology.  Bayluscide
application on the delta would be conducted boat. 

C Nontarget concerns:  Nontarget mortality encountered during the 1991 and 1995
Saranac Delta Bayluscide 5% granule treatments are listed by the Fisheries
Technical Committee (1999).  There were a few nontarget mortalities observed
among 15 common fish species.  Noted nontarget mortality was low during
experimental control, and similar results can be expected during future treatments. 
No threatened or endangered species are known to exist within proposed Bayluscide
treatment areas of the Saranac River and delta.  Therefore, no special mitigation
measures are necessary and typical treatment protocol will be followed.  See
Section VII.A.1 for additional information regarding nontarget impacts and Section
VII.A.2. for standard mitigating measures.

C Human impacts:  A unique and expensive impact involves providing the Georgia-
Pacific Corporation paper mill with an alternate water source during advisories.  The
mill normally draws water from the lake, but during water use advisory periods its
water supply can be switched to the City of Plattsburgh water system until advisories
are lifted. 

C Habitat impacts:  No unique impacts.

C Cost:  Treatment using Bayluscide 3.2% granules for river and delta treatment is
estimated at $312,245 per full treatment, or $78,061 per year based on a four-year
treatment cycle.  Cost reductions would be commensurate with any treatment area
reductions.  This estimate includes the cost of water provided to Georgia-Pacific
Corporation projected at $35,000 per treatment.  Fixed water use advisory times
have been longer for Bayluscide treatments than for monitored advisory durations of
TFM treatments, thus water cost for Georgia-Pacific are higher during Bayluscide
treatment.  
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Barriers

C Technical considerations:  A barrier already exists on the Saranac River in the form
of the Imperial Mill Dam 3.3 miles upstream from Lake Champlain.  A fishway is
proposed for that dam to provide salmonids access to spawning habitats upstream. 
Provision to maintain the structure as a sea lamprey barrier will be incorporated into
the fishway design.  The barrier at the fishway will incorporate an adjustable weir
designed to accommodate varying water levels.  Based on current technology there
are no other plans to establish sea lamprey barriers on the Saranac River closer to
Lake Champlain.  This lower portion of the River is a highly developed urban area
poorly suited for further barrier development.

C Nontarget concerns:  No unique impacts.
• Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  The cost of maintaining Imperial Mill Dam as a sea lamprey barrier will be
associated with the design and construction of the movable weir within the salmonid
passage structure.  The project has been funded by the New York State Bond Act.

Trapping

C Technical considerations:  The proposed fishway design may allow future,
temporary trap installation for capture of spawning-phase sea lamprey during
upstream migrations.  No further upstream trapping is proposed for the Saranac
River.  Trapping in the Saranac River must be considered an additive control measure
designed to prevent the redistribution of captured spawning-phase adults to other
streams, and would probably not result in meaningful sea lamprey control in the
absence of other control measures.

C Nontarget concerns:  No unique impacts.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  The proposed adult sea lamprey trapping operations would use temporary
hardware or portable traps within or near the entrance to the fishway structure. 
Initial investments would involve expenditures for hardware.  Long-term costs would
be associated with the staff necessary for the operation and maintenance of traps
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during trapping operations estimated at $5,308 per year.

Saranac River System Control Strategy

Technically feasible control methods for the Saranac River system include TFM,
TFM/niclosamide and Bayluscide 3.2% granule application, maintenance of the existing
barrier and trapping at the barrier.  The currently limited distribution of sea lamprey
densities to the lower Saranac River and its delta suggests that Bayluscide 3.2% granule
application be considered to those areas in lieu of a TFM or TFM/niclosamide application
at the Imperial Mills Dam.  A full-river lampricide treatment may expose areas of low sea
lamprey abundance to lampricides while increasing potential for impacts.  However, if sea
lamprey infested habitat expands or Bayluscide 3.2% granule treatments is ineffective, full-
river treatment from the Imperial Mills Dam will be undertaken.  The Imperial Mill Dam
would be maintained as a sea lamprey barrier and trapping of spawning-phase sea lamprey is
recommended at the dam.  As other control methods become feasible for use on the
Saranac River the sea lamprey control strategy will be reevaluated.  The following sea
lamprey control strategy is recommended:

1.  Maintain the Imperial Mill Dam as a sea lamprey barrier at river mile 3.3.

2.  Apply Bayluscide 3.2% granules to localized infestations in the lower river and delta at four-
year intervals.  The time interval could be adjusted should sea lamprey surveys indicate either
slow recolonization or early metamorphosis.

3.  Apply TFM or TFM/niclosamide combination at river mile 3.3 (Imperial Mill Dam), only if
Bayluscide treatment in the lower river should prove ineffective or infeasible.

4.  Trap spawning-phase sea lamprey at the Imperial Mill Dam.

3.  Salmon River and Delta
 
Sea lamprey habitat

Sea lamprey have access to the Salmon River from the river mouth to a natural bedrock
barrier 4 miles upstream (Figure VIII-3), where TFM application has occurred during past
treatments.  Approximately 100 acres of delta contain habitat used by sea lamprey.

Treatment history/results

The Salmon River TFM and Delta Bayluscide granuletreatment history is summarized in
Tables VIII-4 and VIII-5 (Fisheries Technical Committee 1999; Neuderfer 1998a;
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Figure VIII-3.

Steinbach and Davis 1990a, 1994a).  TFM treatment required an additional TFM application
positioned at an unnamed tributary to eliminate the tributary as a refuge and to maintain
target chemical concentrations in downstream areas.  Some secondary TFM spot treatments
were conducted by a team of two who treated potential backwater sea lamprey refugia with
portable backpack pumps.  The Salmon River delta was treated with Bayluscide 5% granules
using cropduster aircraft.
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Table VIII-5.  Salmon River TFM treatment history and estimated sea lamprey mortality.

Year of
Treatment

River Miles
Exposed to TFM

Estimated Ammocoete 
Mortality

Estimated Transfomer
Mortality

1990 4.0 51,852 12,976

1994 4.0 63,577 71

1998 4.0 18,751a

a Most of these are expected to be sea lamprey ammocoetes, however, samples have yet to be categorized by lamprey species and life
stage.

Table VIII-6.  Salmon River Delta Bayluscide treatment history.

Year of
Treatment

Acres of Delta Treated with
Bayluscide

Estimated Sea Lamprey 
Mortality

1991 54 1,550 (165 counted)

1995 54 50 counted

Screening Process

Estimated sea lamprey transformation

The Salmon River has the potential to produce a minimum of 13,000 transformers per year
based upon transformer mortality estimates generated from the first round of experimental
sea lamprey control.  No sea lamprey transformer estimates were attempted for Salmon
River Delta treatments.

TFM

C Technical considerations:  TFM application is technically feasible on the Salmon
River.  Diurnal pH shifts are manageable and the positioning of an additional
chemical feeder on a small unnamed tributary can be easily accommodated. 
Secondary treatment of backwater areas may occur to treat sea lamprey refugia that
would not receive lethal TFM doses from the stream flow.  If an effective sea
lamprey barrier can be established near the mouth of the Salmon River, only one
further TFM treatment would be necessary to rid the stream of sea lamprey
infestations.  Thereafter, TFM treatments would be avoided as long as the barrier
remains effective.  If such a barrier is not established on the Salmon River, sea
lamprey control efforts would include TFM treatment on a four-year cycle unless
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more frequent TFM treatment intervals could eliminate or reduce the frequency of
Salmon River delta treatments. 

• Nontarget concerns:  Nontarget mortality encountered during the 1990 and 1994
TFM treatments are listed by the Fisheries Technical Committee (1999).   Low
mortality was noted for seven common fish species, salamanders and crayfish. 
Future TFM treatments can be expected to produce similar nontarget mortalities. 
No threatened or endangered species are known to exist within the treatment areas
of the Salmon River.  Therefore, no special mitigation measures are necessary and
typical treatment protocol will be followed.  See Section VII.A.1 for additional
information regarding nontarget impacts and Section VII.A.2. for standard mitigating
measures.

C Human impacts:  A carbon filter was provided for the Valcour Lodge water supply. 
Valcour Lodge is a commercial lodging establishment located on the lake shore,
south of the Salmon River, but within the advisory area. 

• Habitat impacts:  No unique impacts.

C Cost:  Past treatments have indicated that TFM treatments of the Salmon River are
highly effective in terms of sea lamprey killed relative to treatment cost.  TFM
treatment costs are estimated at $26,488 per treatment or $6,622 per year based on
a four-year cycle of treatment.

TFM/Niclosamide

C Technical considerations:   TFM/niclosamide combination treatment is not
proposed for the Salmon River due to the complex application and analyses and
additional personnel needs for treatment.

Bayluscide 3.2% Granules

C Technical considerations:  Delta sea lamprey investigations will utilize deepwater
electrofishing technology for periodic assessments.  Bayluscide 3.2% granule
application to sea lamprey-infested areas of the Salmon River delta would be
conducted by boat and applications would be considered every four years.  Logistics
of the experimental program Bayluscide 5% granule treatment of the Salmon River
Delta were difficult due to the proximity of a marina and moorings located on parts
of the delta.  Many boats needed to be moved to accommodate aerial application,
and a few that could not be moved needed to be cleaned after application.  It is
anticipated that boats will once again need to be moved to accommodate Bayluscide
3.2% granule application on the Salmon River Delta.
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C Nontarget concerns:  Nontarget mortality encountered during 1991 and 1995
Bayluscide treatments are listed by the Fisheries Technical Committee (1999). 
Banded killifish are a sensitive fish species likely to suffer considerable mortality
during delta-wide treatments.  Other observed mortalities included small numbers of
fish of 11 common species.  No threatened or endangered species are known to
exist within the treatment area of the Salmon River Delta.  Therefore, no special
mitigation measures are necessary and typical treatment protocol will be followed. 
See Section VII.A.1 for additional information regarding nontarget impacts and
Section VII.A.2. for standard mitigating measures.

C Human impacts:  During past delta treatments conducted with cropduster aircraft, a
marina adjacent to the Salmon River Delta moved client’s boats away from the
treatment area where they were moored.  Application of Bayluscide 3.2% granules
by boat may require a similar effort in the future.  The overlap of part of the Salmon
River and Little Ausable River lake shore advisory zones for both TFM and
Bayluscide treatments has potential to inconvenience some riparian owners in these
areas with multiple advisories.  Efforts to consolidate similar treatments of the
Salmon and Little Ausable River systems within a short interval during the same year
would minimize this impact.

• Habitat impacts:  No unique impacts.

C Cost:  The cost of Bayluscide 3.2% granule delta treatment may be reduced or
avoided if treatment areas can be decreased in size or eliminated based on delta
assessment surveys.  A full delta treatment is estimated to cost $117,065 per
treatment or $29,266 per year based on a four-year treatment cycle. 

Barriers

C Technical considerations:  The Salmon River provides an excellent setting for the
development of a sea lamprey barrier near the stream mouth.  If an effective barrier
can be established, the entire stream above the barrier can be removed from TFM
treatments.  A definitive feasibility study must yet be undertaken to address cost and
engineering issues.

C Nontarget concerns:  Migration of some aquatic species may be affected by the
barrier but no lake-run migrational fish species other than salmonids and sea
lamprey are known to frequent the Salmon River, probably due to the steep initial
gradient near the river mouth.  Impacts of a barrier on salmonids could be mitigated
by the construction of a series of jump pools to facilitate upstream passage of these
fish.  See Section VII.A.1 for additional information regarding nontarget impacts and
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Section VII.A.2. for mitigating measures.

C Human impacts:  There would be an aesthetic visual impact associated with the
concrete barrier especially in view of nearby stone structures.  This visual impact
could be mitigated with a more natural rock facing.  The barrier would be
constructed in a manner that would accommodate any flood events without
increasing the hazard to any nearby structures.

C Habitat impacts:  If  a barrier is established near the mouth of the Salmon River, a
small impoundment would be formed and a small portion of stream bed would be
covered with a concrete structure tied to the banks with wing walls and rip-rap.

C Cost:  Costs estimated at $299,116, associated with the construction of a barrier for
the Salmon River could be considered one-time costs with a life expectancy of 50
years.  Costs per year are estimated at $5,982.  Savings would be large compared to
repeated stream TFM and delta Bayluscide treatments otherwise necessary to
achieve sea lamprey control on the Salmon River.  Establishment of such a barrier is
viewed as highly cost effective.

Trapping

C Technical considerations:  A barrier on the Salmon River would incorporate a
structure to accommodate a spawning-phase sea lamprey trapping operation, as a
supplement to sea lamprey control afforded by the barrier.  Trapping would prevent
the redistribution of captured spawning-phase adults to other streams.

• Nontarget concerns:  No unique impacts.

• Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  Spawning-phase sea lamprey trapping at the proposed barrier would be cost
effective.  Once the initial expenditure of trap construction is completed, the only
costs are associated with the staffing, and vehicle use necessary for maintenance and
operation of the trap (estimated at $4,758 per year).  Portable traps would be more
labor intensive and probably less effective at intercepting adult sea lamprey.

Salmon River System Control Strategy

Technically feasible control strategies for the Salmon River include TFM application,



251

establishing a low-head barrier and trapping at the barrier.  Of these strategies, a low-head
barrier was determined to be the most cost effective means of control with few associated
negative impacts.  Trapping spawning-phase sea lamprey at the barrier would be conducted
as an additional control method.  The estimated annual cost of establishing a barrier is
similar to the annual cost of TFM treatments and substantially less than a Bayluscide delta
treatment.  As other control methods become feasible for use on the Salmon River the sea
lamprey control strategy will be reevaluated.  The following sea lamprey control strategy is
recommended:

1.  Establish a barrier dam at river mile 0.1 if definitive engineering studies continue to support
its feasibility, construction funding can be obtained, and landowners consent.

2.  Trap spawning-phase sea lamprey at the barrier during upstream migrations. 

3.  Until an effective barrier can be established, or if an effective barrier can not be established,
apply TFM to the lowermost 4.0 river miles at approximately four-year intervals.  The time
interval could be adjusted should sea lamprey surveys indicate slow recolonization or early
metamorphosis, or if shorter intervals would eliminate the need to treat the delta with granular
Bayluscide.

4.  Apply Bayluscide 3.2% granules to localized infestations on the delta approximately every
four years.  The time interval could be adjusted should sea lamprey surveys indicate either slow
recolonization or early metamorphosis.

4.  Little Ausable River and Delta

Sea lamprey habitat

Sea lamprey have access to nearly 6.1 miles of the Little Ausable River (Figure VIII-4 ) and
have infested up to 75 acres of its associated delta.   

Treatment history/results

The Little Ausable River TFM and Delta Bayluscide granule treatment history is
summarized in Tables VIII-6 and VIII-7 (Fisheries Technical Committee 1999; Neuderfer
1998b; Steibach 1990b, 1994b).  The overall length of the Little Ausable River treatment
necessitated TFM boosting at a downstream location.  Diurnal pH swings were of concern
near wetlands but were accommodated through TFM application adjustments at the boost
site.  Delta Bayluscide 5% granule treatments were scheduled for 1991 and 1995 but only
the 1991 treatment took place.  Surveys indicated that sea lamprey recolonization on the
Little Ausable Delta was insufficient to warrant Bayluscide 5% granule treatment in 1995. 
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Figure VIII-4

Bayluscide 5% granules were applied to the Little Ausable Delta using cropduster aircraft.

Table VIII-7.  Little Ausable River TFM treatment history and estimated sea lamprey mortality.

Year of
Treatment

River Miles
Exposed to TFM

Estimated Ammocoete 
Mortality

Estimated Transfomer
Mortality

1990 6.1 91,045 31,411

1994 6.1 37,643 631

1998 6.1 1,026a

a Most of these are expected to be sea lamprey ammocoetes, however, samples have yet to be identified by lamprey species and life
stage.
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Table VIII-8.  Little Ausable River Delta Bayluscide treatment history.

Year of
Treatment

Acres of Delta 
Treated with Bayluscide

Estimated Sea Lamprey
Mortality

1991 54 8,548

Screening process

Estimated sea lamprey transformation

The Little Ausable River has the potential to produce over 31,000 sea lamprey transformers
per year as determined from estimates generated from target mortality assessment during
the experimental control program.

TFM

C Technical considerations:  TFM application is technically feasible on the Little
Ausable River.  Access to primary and boost application points has been excellent
thanks to the support and access provided by local landowners.  Diurnal pH shifts do
occur in the river and need to be considered in TFM application rates to
accommodate toxicity changes.  Secondary treatment of backwater areas may occur
to treat sea lamprey refugia that would not receive lethal TFM doses from the
stream flow.  If TFM treatment remains a necessary sea lamprey control technique
on the Little Ausable River, investigation into more frequent treatment intervals
should be explored to determine if such measures could eliminate the need to treat
the Little Ausable Delta with Bayluscide.

C Nontarget concerns:  Nontarget mortality encountered during the 1990 and 1994
TFM treatments is listed by the Fisheries Technical Committee (1999).  A few
mortalities of 19 common fish species, crayfish, salamanders, frogs and frog
tadpoles and a mollusc were noted following treatments.  The 1998 TFM treatment
resulted in observed mortalities of only four fish of three common species and two
dusky salamanders.  Future TFM treatments could be expected to produce similar
nontarget mortality.  No threatened or endangered species are known to exist within
the treatment area of the Little Ausable River.  Therefore, no special mitigation
measures are necessary and typical treatment protocol will be followed.  See
Section VII.A.1 for additional information regarding nontarget impacts and Section
VII.A.2. for standard mitigating measures.

C Human impacts:  No unique impacts.
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C Habitat impacts:  No unique impacts.

C Cost:  TFM treatment on the Little Ausable River is estimated to cost $26,767 per
treatment or $6,692 per year based on a four-year treatment cycle.

TFM/Niclosamide

C Technical considerations:  The flows of the Little Ausable River are too low to
warrant treatment with TFM/niclosamide in combination.  Personnel requirements
and the complexity of such a treatment would counter the benefits to be gained in
terms of chemical savings.

Bayluscide 3.2% Granules

C Technical considerations:  Application of Bayluscide 3.2% granules is inappropriate
for the riverine environment of the Little Ausable, but is proposed for use on the
delta.  Delta sea lamprey infestations will be surveyed and resulting information will
be used to create infestation distribution maps.  Bayluscide 3.2% granules would be
applied to sea lamprey infestations by boat.  If surveys demonstrate that delta sea
lamprey populations are too low, periodic treatments may be avoided entirely. 
Bayluscide 3.2% granule treatments of the Little Ausable River Delta will be
conducted approximately every four years if necessary.

C Nontarget concerns:  Nontarget mortality encountered during the 1991 Bayluscide
5% granule treatment is listed by the Fisheries Technical Committee (1999). 
Banded killifish were strongly represented among species that suffered mortality.  A
few other common fish species were also affected.  Invertebrate researchers
(Gruendling and Bogucki 1993b) reported significant declines in five orders of
invertebrates, but follow-up studies (Lyttle 1996) showed recovery of those
invertebrates before the next scheduled Bayluscide granule treatment.  Assessment
teams reported a few additional mortalities of crayfish, tadpoles and an adult frog. 
Widespread Bayluscide 3.2% granule application on the Little Ausable River Delta
is likely to result in similar nontarget mortality.  Treatment of localized infestations
by boat could reduce associated nontarget mortalities.  No threatened or endangered
species are known to exist within Bayluscide granule treatment areas of the Little
Ausable River Delta.  Therefore, no special  mitigation measures are necessary and
typical treatment protocol will be followed.  See Section VII.A.1 for additional
information regarding nontarget impacts and Section VII.A.2. for standard mitigating
measures.
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C Human impacts:  The overlap of part of the Little Ausable River, Salmon River and
the Ausable River lake shore advisory zones for both TFM and Bayluscide
treatments has the potential to inconvenience some riparian owners in these areas
with multiple advisories.  Efforts to consolidate similar treatments of the Little
Ausable, Salmon and Ausable River systems within a short interval during the same
year would minimize this impact.

C Habitat impacts:  No unique impacts.

C Cost:  Full Little Ausable Delta Bayluscide 3.2% granule treatment can be costly,
estimated at $172,088 per treatment.  With a four-year cycle of treatment, an
estimated cost of $43,022 per year is projected.  Costs could be reduced by treating
only infested sections determined by delta assessment surveys.  If it can be shown
that recolonization of sea lamprey on the Little Ausable Delta is insufficient to
warrant treatment at the scheduled time, treatment costs could be completely
avoided.  Surveys will provide the information necessary for treatment decision-
making prior to scheduling Bayluscide delta treatment on the Little Ausable.

Barriers

C Technical considerations:  Preliminary feasibility studies have shown that a potential
site exists between 1.6 and 2.7 miles upstream of the river mouth within the zone of
lake influence.  Establishment of a sea lamprey barrier dam in this vicinity would
eliminate access to nearly 100 percent of the sea lamprey spawning habitat that
occurs in the river.  Crest height of the dam was recommended to be set between
102.1 and 102.5 feet above mean sea level, (McAuley 1999, Ontario Ministry of
Fisheries and Oceans, NYSDEC Memorandum), but may have to be constructed
between 103.5 and 104.5 feet (Tollisen 1999, NYSDEC, Memorandum).  McAuley
projected sea lamprey barrier penetration to upstream areas once in 25 years for a
dam with a crest height of 102.5 feet.  Further engineering studies will be necessary.

C Nontarget concerns:  Aquatic species migrations within the Little Ausable River
including smallmouth bass, white sucker and emerald shiner, could be impacted. 
Jump pools would be provided for salmonid migration as a mitigation measure, but
species unable to negotiate the jump pools may be restricted to the lower reaches of
the river.  

• Human impacts:  There would be an aesthetic visual impact associated with the
barrier.  The prospective site is shielded from a nearby secondary road by
vegetation, however.  The barrier would be constructed in a manner that would
accommodate substantial flood events.  There are no nearby structures or
development that would be impacted by elevated water levels.  However, several
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landowners could experience permanent flooding of riverside property and
landowner purchase/consent agreements would have to be negotiated.

C Habitat impacts:  Establishment of a sea lamprey barrier dam with a crest height of
103.5 feet would inundate approximately 16.5 additional acres beyond the area now
covered by the river.  An additional 28 acres would be inundated at a crest height of
104.5 feet.  The dam would occupy a section of sand and fine gravel stream bed and
would be tied to the stream banks with wing walls.  Likely construction materials
would be steel sheet pile and concrete.

C Cost:  The estimated construction cost ($305,501) of a barrier for the Little
Ausable River could be considered a one-time cost with an assumed life expectancy
of 50 years ($6,110 per year).  New York State Bond Act funds totaling $226,500
have been secured, but may be redirected due to habitat and nontarget issues at this
site.  Additional costs would be incurred to purchase flooding rights from affected
landowners.   

Trapping
  
C Technical considerations:  Provision for an adult sea lamprey trap would be

incorporated into the design of the sea lamprey barrier.  Establishing the Little
Ausable as a sea lamprey adult trapping site will provide assessment information and
prevent redistribution of captured spawning-phase adults to other streams.  Without
barrier construction, no trapping is proposed.

C Nontarget concerns:  No unique impacts.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

• Cost:  The initial expenditure of trap provision is incorporated into the barrier
construction costs.  Estimated costs are associated with the staffing necessary for
maintenance and operation of the trap ($4,758 per year).  Portable traps would be
more labor intensive and probably less effective at intercepting adult sea lamprey.

Little Ausable River System Control Strategy

Technically feasible control strategies for the Little Ausable River include TFM and
Bayluscide 3.2% granule application, establishing a low-head barrier and trapping at the
barrier.  Of these strategies, lampricide treatments (TFM stream and Bayluscide 3.2%
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granule delta) were determined to be the most effective control measures with acceptable
negative impacts.  Successful TFM stream treatments preventing reinfestations of the
associated delta may preclude the need for delta Bayluscide 3.2% granule treatments.  A
sea lamprey barrier with a built in trap will be considered if adverse impacts from the
barrier can be addressed.  As other control methods become feasible for use on the Little
Ausable River the sea lamprey control strategy will be reevaluated.  The following sea
lamprey control strategy is recommended:

1.  Apply TFM to the lowermost 6.1 miles of the Little Ausable River at approximately four-year
intervals.  The time interval could be adjusted should sea lamprey surveys indicate slow
recolonization, early metamorphosis, or if shorter intervals would eliminate the need to treat the
delta with Bayluscide 3.2% granules.

2.  Apply Bayluscide 3.2% granules by boat to the delta every four years.  The time interval
could be adjusted should sea lamprey surveys indicate either slow recolonization or early
metamorphosis.

3.  If satisfactory mitigation of adverse impacts can be accomplished, consider establishing a
barrier on the Little Ausable between river miles 1.6 and 2.7.  An effective barrier may eliminate
the need for lampricide treatment. 

4.  Incorporate a trap for adult sea lamprey into the barrier dam structure if constructed.  

5.  Ausable River and Delta

Sea lamprey habitat

Sea lamprey access is limited to the 7.0 miles of river (includes both north and south
channels) below Rainbow Falls located at the upstream limit of the Ausable Chasm (Figure
VIII-5).  Larval sea lamprey occupy the lower 6 miles of this section.  Habitat is unsuitable
for larval sea lamprey in the section through the Ausable Chasm.   Most sea lamprey larvae
are concentrated in lower reaches of the river.  Sea lamprey larvae also utilize up to 250
acres of associated delta.
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Figure VIII-5.

Treatment history/results

The Ausable River TFM and Delta Bayluscide 5% granule treatment history is summarized
in Tables VIII-8 and VIII-9 (Fisheries Technical Committee 1999; Neuderfer 1999a;
Steinbach and Davis 1990c; NYSDEC Ray Brook, NY unpublished file data).  The Ausable
River TFM treatments required simultaneous treatment of 0.5 mile of Dry Mill Brook, a
small tributary entering the river near the Route 9 bridge.  Substantial diurnal pH shifts
were noted during experimental treatments and were a consideration in the selection of
TFM application rates and timing.  Infiltration of TFM into the 1.5 miles of sea lamprey
infested Lower Mouth of the Ausable River was insufficient to provide lethal
concentrations in 1990 and 1994.  This resulted in near zero sea lamprey mortality during
both the 1990 and 1994 TFM treatments for the Lower Mouth.  In 1999, the channel was
completely isolated from the mainstem and a portion of this isolated section was treated
with TFM using backpack sprayers.  Delta Bayluscide 5% granular applications were
conducted using cropduster aircraft in 1991 and 1995.
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Table VIII-9.  Ausable River TFM treatment history and estimated sea lamprey mortality.

Year of
Treatment

River Miles
Exposed to TFM

Estimated Ammocoete 
Mortality

Estimated Transfomer
Mortality

1990 7.0 22,196 2,310

1994 7.0 68,162 1,081

1999 7.0 25,276 1,315

Table VIII-10.  Ausable River Delta Bayluscide treatment history.

Year of
Treatment

Acres of Delta 
Treated with Bayluscide

Estimated Sea Lamprey
Mortality

1991 165 20,697 (102 counted)

1995 182 1,905 counted

Screening Process

Estimated sea lamprey transformation

The Ausable River has the potential to produce a minimum of  2,000 sea lamprey
transformers per year as determined from mortality data collected during the first Ausable
River TFM treatment.

TFM

C Technical considerations:  TFM treatment of the Ausable River is technically
feasible using standard methodologies with the exception of the Lower Mouth. 
Treatment history has shown chemical infiltration to the Lower Mouth to be
insufficient to cause sea lamprey mortality necessary for effective control. 
Expectations are that TFM treatment can provide sea lamprey control for the main
stem and north channels of the Ausable River.  Diurnal pH shifts were noted during
experimental control and would be accommodated with TFM application
adjustments during any future treatments.  Future treatments (spring or fall) would
require simultaneous treatment of 0.5 mile of Dry Mill Brook.  No other boosts are
proposed for Ausable River treatments.  Secondary treatment of backwater areas
may occur to treat sea lamprey refugia that would not receive lethal TFM doses
from the stream flow.  If it can be shown that more frequent treatment intervals with
TFM could eliminate the need to treat the delta with granular Bayluscide, then more
frequent TFM treatments will be considered. 
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C Nontarget concerns:  Nontarget mortality encountered during the 1990 and 1994
TFM treatments are listed in Fisheries Technical Committee (1999).  Treatments
have resulted in considerable mortality of American brook lamprey.  Mudpuppies
also were found dead after each treatment.  A few mortalities were also noted for 9
common fish species, crayfish, salamanders, frog tadpoles, mussels and snails after
each of the first two treatments.  Assessments (routine and special studies)
following the 1999 TFM treatment recorded mortalities among American brook
lamprey, 17 other common fish species, a few invertebrates, frog tadpoles,
mudpuppies and two-lined salamanders.  Future TFM treatments of the Ausable
River can be expected to result in similar nontarget mortalities.  Spring treatment
may mitigate nontarget mortality as pH swings would probably be less pronounced. 
No threatened or endangered species are known to exist within the treatment area of
the Ausable River.  See Section VII.A.1 for additional information regarding
nontarget impacts and Section VII.A.2. for mitigating measures.

C Human impacts:  Temporary suspension of rafting and tube rides associated with the
Ausable Chasm tourist attraction may be necessary during TFM treatments.

C Habitat impacts:  No unique impacts.

C Cost:  Periodic TFM treatments would be a cost effective sea lamprey control
measure for the Ausable River ($57,443 per treatment or $14,361 per year based on
a four-year cycle treatment cycle), but not necessarily the best option. 
Simultaneous treatment with TFM/niclosamide has advantages over TFM application
alone and may provide a better treatment option.

TFM/Niclosamide

C Technical considerations:  The high river flows of the Ausable River suggest that
simultaneous treatment using a TFM/niclosamide combination would achieve
comparable sea lamprey control results with less total chemical used.  Such a
treatment would reduce the overall chemical volume to the river and lake, and
provide a considerable cost savings.  TFM/niclosamide treatment is more staff
intensive but acceptable in view of the potential to realize considerable benefits over
TFM treatment alone (see Section IV.A.2.).  

C Nontarget concerns:  Impacts of the TFM/niclosamide combination on nontarget
organisms, and associated mitigating measures, are similar to those for TFM (See
Sections VII.A.1. and VII.A.2.).

C Human impacts:  Human impacts would be similar to those listed for TFM treatment
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except that chemical exposure would be lower and duration of advisories could be
comparably shorter due to the lesser amounts of chemical used for combination
treatment.

C Habitat impacts:  No unique impacts.

C Cost:  TFM/niclosamide combination treatment is projected to cost $43,049 per
treatment or $10,762 per year based on a four-year treatment cycle.

Bayluscide 3.2% Granules

C Technical considerations:  There are two proposed uses of Bayluscide 3.2%
granules:  the Ausable Delta and the 1.5 mile Lower Mouth Ausable River that has
never been effectively treated with TFM.  Sea lamprey control experience, changes
in the Bayluscide formulation and investigative survey technology have resulted in
some positive changes for proposed lampricide treatment of the Ausable Delta and
the Lower Mouth.  Delta and Lower Mouth sea lamprey infestations will be surveyed
using deepwater electrofishing techniques and resulting information will be used to
create infestation distribution maps.   Bayluscide 3.2% granule application would be
conducted by boat.  If surveys demonstrate sea lamprey populations below levels
warranting chemical treatment, periodic treatments may be avoided entirely. 
Granular Bayluscide treatments of the Lower Mouth of the Ausable River and
Ausable Delta will be considered every four years.  

C Nontarget concerns:  Nontarget mortality encountered during the 1991 and 1995
Bayluscide 5% granule treatments is listed by the Fisheries Technical Committee
(1999).  Species likely to suffer mortality are banded killifish, mimic shiners,
spottail shiners, American brook lamprey and molluscs.  Mollusc recolonization
studies conducted during experimental sea lamprey control indicated that
populations returned to levels at or above pre-treatment levels within four years
after treatment (Lyttle 1996).  Future nontarget mortality could be minimized with
spot/area treatments of known sea lamprey infestations to be mapped with deepwater
electrofishing gear.  Extensive use of Bayluscide 3.2 % granules in the Lower
Mouth, however, will likely cause substantial mortalities of those species noted
above that might be present as well as those killed there during the 1999 TFM
treatment, especially bluntnose minnow, tesselated darter and frog tadpoles
(Neuderfer 1999a).  No threatened or endangered species are known to exist within
the Bayluscide 3.2% granule treatment area of the Ausable River or delta. 
Therefore, no special mitigation measures are necessary and typical treatment
protocol will be followed.  See Section VII.A.1 for additional information regarding
nontarget impacts and Section VII.A.2. for standard mitigating measures.
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C Human impacts:  Due to the possibility of segmented treatments (Ausable
mainstem, Ausable Delta and Ausable Lower Mouth) and the overlap of part of the
Little Ausable lake shore advisory zones for both TFM treatment and Bayluscide
delta work, there may be a burden of multiple advisories to some riparian water
users lying within the advisory boundaries of all four treatments.  Also, the advisory
period within the Lower Mouth and associated lake shore area may be extended
substantially if low flows slow dissipation of chemical.  Efforts to consolidate
similar treatments of the Ausable and Little Ausable River systems within a short
interval during the same year would minimize the impact.

C Habitat impacts:  No unique impacts.
• Cost:  Bayluscide 3.2% granule application of the entire Ausable Delta would be

costly (projected at $348,602 per treatment based on a four-year treatment cycle or
$87,151 per year).  Bayluscide 3.2% granule application to the Lower Mouth is
projected at $65,883 per treatment with a 40 acre application, or $16,471 per year
based on a four-year treatment cycle.  If sea lamprey delta infestations are surveyed
and mapped, there may be opportunity to avoid full area treatments, thus lowering
costs and minimizing environmental effects.  Should surveys demonstrate sea
lamprey infestations below levels warranting Bayluscide treatments, then entire
treatments might be avoided. 

Barriers

C Technical considerations:  The majority of this lower river area is composed of lake
backwater river channel and low lying topography.  There are no suitable sites for the
development of a sea lamprey barrier on the Ausable River.  

Trapping

C Technical considerations:  The Ausable River is poorly suited for sea lamprey
trapping operations and trapping is not proposed.

Ausable River System Control Strategy

Technically feasible control strategies for the Ausable River include TFM and
TFM/niclosamide stream treatments and Bayluscide 3.2% granule delta treatments.  A
TFM/niclosamide stream treatment was determined to be the more cost effective and may
result in fewer negative impacts than TFM treatment alone.  Effective TFM or
TFM/niclosamide stream treatments at regular intervals may prevent future delta
infestations, possibly precluding the need for scheduled delta Bayluscide 3.2% granule
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treatments.  As other control methods become feasible for use on the Ausable River the sea
lamprey control strategy will be reevaluated.  The following sea lamprey control strategy is
recommended:

1.  Treat the Ausable River at river mile 6.5 (Rainbow Falls) with TFM or TFM/niclosamide
every four years.  The time interval could be adjusted should sea lamprey surveys indicate slow
recolonization, early metamorphosis, or if shorter intervals would eliminate the need to treat the
delta with granular Bayluscide.  Springtime treatment may be required to afford effective
treatment conditions in the Ausable River Lower Mouth.

2.  Apply Bayluscide 3.2% granules or TFM by boat to sea lamprey infestations in the Lower
Mouth of the Ausable River (in lieu of springtime TFM or TFM/niclosamide combination
treatments) if necessary, and apply Bayluscide 3.2% granules to the delta every four years.  The
time interval could be adjusted should sea lamprey surveys indicate either slow recolonization or
early metamorphosis.

5a.  Dry Mill Brook

Sea lamprey habitat

Sea lamprey distributions are believed to be limited to the lower 0.5 miles of Dry Mill
Brook (see Ausable River site map; Figure VIII-5 ).  The upstream limit of sea lamprey
access to the brook terminates at the first road crossing above the confluence with the
Ausable River where a raised culvert and a natural waterfall present a barrier to adult sea
lamprey. 

Treatment history/results

The Dry Mill Brook TFM treatment history is summarized in Table VIII-10 (Fisheries
Technical Committee 1999; Neuderfer 1999a; Steinbach and Davis 1990c; NYSDEC Ray
Brook, NY unpublished file data).  Substantial sea lamprey mortality was noted after each
TFM treatment with minimal nontarget mortality noted.  Except in 1990, Dry Mill Brook
target/nontarget surveys included a portion of the Ausable River above and below the
confluence so counts could not be isolated by stream.  Future surveys may isolate Dry Mill
Brook for individual assessment.
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Table VIII-11.  Dry Mill Brook TFM treatment history and estimated sea lamprey mortality.

Year of
Treatment

River Miles
Exposed to

TFM

Estimated Ammocoete 
Mortality

Estimated Transfomer
Mortality

1990 0.5 540 67

1994 0.5 no estimate no estimate

1999 0.5 no estimate no estimate

Screening Process

Estimated sea lamprey transformation

Dry Mill Brook is capable of producing a minimum of 67 sea lamprey transformers per
year as indicated by mortality assessments conducted after the first treatment.

TFM

• Technical considerations:  TFM treatment of Dry Mill Brook is straightforward. 
Application at Fuller Street (river mile 0.5), the first road-crossing above the
confluence with the Ausable River, must be timed to converge with the progress of
the TFM bank from the treatment of the Ausable River.  Dry Mill Brook would be
treated with TFM only as part of the Ausable River treatment and may require
secondary treatment of backwater sea lamprey refugia.

• Nontarget concerns:  Nontarget mortality recorded for Dry Mill Brook and nearby
areas of the Ausable River (Neuderfer 1999a) was low for all TFM treatments and
consisted of a few American brook lamprey, eight other common fish species,
frogs, mudpuppies and two-lined salamanders and a single crayfish.  Similar
nontarget mortality can be expected with future TFM treatments. No threatened and
endangered species are known to exist within the treatment area of Dry Mill Brook. 
See Section VII.A.1 for additional information regarding nontarget impacts and
Section VII.A.2. for mitigating measures.

• Human impacts:  No unique impacts.

• Habitat impacts:  No unique impacts

• Cost:  The cost of Dry Mill Brook TFM treatment are included in the costs
associated with Ausable River TFM treatment.  Dry Mill Brook would not be treated



265

independently of the Ausable River.

TFM/Niclosamide

• Technical considerations:  If the Ausable River is treated with a TFM/niclosamide
combination,  Dry Mill Brook would be treated with TFM only, due to the small size
of the tributary and the complicated nature of Bayluscide application and analysis. 
TFM treatment would be timed to coincide with a treatment on the Ausable River.

Bayluscide 3.2% Granules

• Technical considerations:  No use of granular Bayluscide is planned for Dry Mill
Brook.   Granular Bayluscide is inappropriate for use in such riverine environments.

Barriers

• Technical considerations:  Lampricide application would occur at the Fuller Street
barrier and no barrier dam development is proposed for a location closer to the
confluence with the Ausable River.

Trapping

• Technical considerations:  Since the Ausable River will require lampricide treatment
for sea lamprey control, Dry Mill Brook will be treated to eliminate the tributary as
refugia and counter its dilution effect to that treatment.  Trapping using PATs is
possible at the Fuller Road site, but would not result in any additional benefit to sea
lamprey control efforts.

Dry Mill Brook Control Strategy

TFM application is the only technically feasible control method for Dry Mill Brook. 
Treatment of Dry Mill Brook would be conducted only in association with concurrent
treatment of the Ausable River.  TFM treatment is necessary to prevent its use as a sea
lamprey refuge during lampricide treatment of the Ausable River, and to prevent attenuation
of the chemical block in the Ausable River below the confluence of the two streams.  The
necessity of this treatment precludes other efforts of control such as barriers or trapping. 
As other control methods become feasible for use on the Ausable River the sea lamprey
control strategy will be reevaluated.  The following sea lamprey control strategy is
recommended:

1.  Treat with TFM at the Fuller Street culvert (river mile 0.5) only in conjunction with Ausable
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River TFM or TFM/niclosamide treatments.

6.  Boquet River and Delta

Sea lamprey habitat

Sea lamprey have access to 2.6 miles of river extending upstream from the mouth to the
dam in Willsboro (Figure VIII-6) and use up to 250 acres of delta at the river mouth.  The
Willsboro dam is a barrier to sea lamprey and is equipped with a fishway for salmonid
passage that contains a weir with a projecting steel lip in the interior jump pool to maintain
the structure as a barrier to sea lamprey.

Treatment history/results

The Boquet River TFM and Delta Bayluscide 5% granule treatment history is summarized
in Tables VIII-11 and VIII-12 (Fisheries Technical Committee 1999; Neuderfer 1999b;
Steinbach and Davis 1990d; NYSDEC Ray Brook, NY unpublished file data). Diurnal pH
shifts presented no problem for Boquet River TFM treatments and no boosts were required
to conduct treatments.  Secondary treatment of backwater sea lamprey refugia was
conducted by boat and by foot.  The Boquet Delta was treated with Bayluscide 5% granules
using cropduster aircraft. 
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Figure VIII-6.

Table VIII-12.  Boquet River TFM treatment history and estimated sea lamprey mortality.

Year of
Treatment

River Miles
Exposed to

TFM

Estimated Ammocoete 
Mortality

Estimated Transfomer
Mortality

1990 2.6 5,128 1,197

1994 2.6 6,492 72

1999 2.6 1,904 67
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Table VIII-13.  Boquet River Delta Bayluscide treatment history.

Year of
Treatment

Acres of Delta Treated with
Bayluscide

Estimated Sea Lamprey
Mortality

1991 210 35,879

1995 210 no estimate

 

Screening process

Estimated sea lamprey transformation

The Boquet River has the potential to produce over 1,000 sea lamprey transformers per
year as determined from mortality data collected during the first Boquet River TFM
treatment of experimental sea lamprey control.

TFM
  
C Technical considerations:  The setting of the Boquet River allows for a

straightforward TFM treatment.  Diurnal pH shifts are small and easily
accommodated, the entire 2.6 mile river segment can be treated from one primary
application site, (no boosts are necessary for maintenance of target chemical
concentrations) and the river is easily accessed for secondary treatment of
backwater sea lamprey refugia.  If it can be shown that TFM treatment intervals
shorter than four years could eliminate the need to treat the delta with Bayluscide
3.2% granules, then more frequent TFM treatments will be considered.

C Nontarget concerns:  Nontarget mortality that resulted from TFM treatments in
1990, 1994 (Fisheries Technical Committee 1999) and during an independant New
York treatment in 1999 was low.  During the 1990 treatment only a few mortalities
of five common fish species were counted.  During the 1994 treatment, few
mortalities of eight common fish species, frog tadpoles and adults, and one crayfish
mortality were counted during routine nontarget assessments.  The 1999 treatment
resulted in mortalities of ten common fish species, silver lamprey, frog tadpoles and
four individual mussels.  Future TFM treatments would be expected to produce
similar nontarget mortalities.  No threatened and endangered species are known to
exist within the treatment area of the Boquet River.  Therefore, no special mitigation
measures are necessary and typical treatment protocol will be followed.  See
Section VII.A.1 for additional information regarding nontarget impacts and Section
VII.A.2. for standard mitigating measures.
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C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  TFM treatment of the Boquet River is effective in terms of sea lamprey
eliminated, and costs are acceptable ($44,705 per treatment or $11,176 per year
based on a four-year treatment cycle).  Costs and chemical exposure to the
environment could be reduced further however, by conducting a TFM/niclosamide
combination treatment instead of TFM treatment.

TFM/Niclosamide

C Technical considerations:  Treatment with a TFM/niclosamide combination is
technically well suited for the Boquet River.  The relatively high flows of the Boquet
offer an opportunity to reduce costs and reduce the overall volume of chemical
applied through combination treatment.  The Boquet represents a fairly simple
treatment scenario with a single application point (no boosts, no tributaries). 
Secondary treatment of backwater areas would be conducted with TFM only. 

• Nontarget concerns:  Impacts of the TFM/niclosamide combination on nontarget
organisms, and associated mitigating measures, are similar to those for TFM (See
Sections VII.A.1. and VII.A.2.).

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost: Treatment of the Boquet River with a TFM/niclosamide combination is
estimated to cost $30,806 per treatment or $7,702 per year based on a four-year
treatment cycle.

Bayluscide 3.2% Granules

C Technical considerations:  Bayluscide 3.2% granule application is proposed for the
Boquet Delta.  Delta sea lamprey investigations will utilize deepwater electrofishing
technology for periodic assessments culminating in the production of delta sea
lamprey density maps.  Treatment by boat of infested areas of the Boquet River
Delta will be considered every four years. 

C Nontarget concerns:  Nontarget mortality encountered during the 1991 and 1995
experimental Bayluscide treatments is listed by the Fisheries Technical Committee
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(1999).  Assessments following the 1995 evening delta treatment were truncated
due to darkness.  Species likely to suffer considerable mortality are banded killifish
and molluscs.  Future Bayluscide delta treatments may result in less nontarget
mortality provided sea lamprey densities targeted for treatment are localized, which
should allow portions of the delta to go untreated.  No threatened and endangered
species are known to exist within the treatment area of the Boquet River and Delta. 
Therefore, no special mitigation measures are necessary and typical treatment
protocol will be followed.  See Section VII.A.1 for additional information regarding
nontarget impacts and Section VII.A.2. for standard mitigating measures.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  Treatment of the entire 250 acre delta area with Bayluscide 3.2% granules is
estimated to cost $399,458 per treatment or, $99,865 per year if a four-year
treatment cycle is implemented.  If the size of treatment area can be reduced,
significant savings would result in monetary costs and environmental impacts would
be minimized.  Delta assessment surveys will be used to create sea lamprey
distribution maps in an attempt to isolate and target only sea lamprey infested areas
with Bayluscide 3.2% granules.  The delta treatment area could be much reduced or
even eliminated for a given treatment cycle using these techniques.

Barriers

• Technical considerations:  A sea lamprey barrier is already present on the lower
Boquet River at the Willsboro Dam (river mile 2.6).  A fishway provides salmonid
passage upstream at the dam and has a sea lamprey barrier incorporated into the
fishway design.  Observations have indicated that sea lamprey are unable to reach
this barrier due to the steep river gradient immediately below, but as added
insurance, the fishway barrier will be maintained.  No other feasible barrier sites
exist closer to Lake Champlain.

Trapping

C Technical considerations:  The Boquet River setting is poorly suited for adult sea
lamprey trapping because sea lamprey are unable to navigate the cascades
immediately downstream of the Willsboro Dam.  No trapping is currently proposed. 
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Boquet River System Control Strategy

Technically feasible control methods for the Boquet River include TFM, TFM/niclosamide
and Bayluscide 3.2% granule appplication, and barrier maintenance at the Willsboro Dam. 
A TFM/niclosamide stream treatment was determined to be most cost effective and would
result in fewer impacts than a TFM treatment alone.  Effective TFM or TFM/niclosamide
treatments at regular intervals may prevent future delta infestations, possibly precluding the
need for delta Bayluscide 3.2% granule treatments.  The Willsboro Dam barrier will be
maintained.  As other control methods become feasible for use on the Boquet River the sea
lamprey control strategy will be reevaluated.  The following sea lamprey control strategy is
recommended:

1.  Maintain the Willsboro Dam as a sea lamprey barrier at river mile 2.6.

2.  Treat the Boquet River with TFM or TFM/niclosamide every four years at the Willsboro Dam. 
The time interval could be adjusted should sea lamprey surveys indicate slow recolonization,
early metamorphosis, or if shorter intervals would eliminate the need to treat the delta with
Bayluscide 3.2% granules.

3.  Treat the Boquet Delta with Bayluscide 3.2% granules by boat.  The time interval could be
adjusted should sea lamprey surveys indicate either slow recolonization or early metamorphosis.

7.  Beaver Brook

Sea lamprey habitat

The 2.5 miles of Beaver Brook closest to Lake Champlain represents the habitat available
for larval sea lamprey colonization (Figure VIII-7).

Treatment history/results

The Beaver Brook TFM treatment history is summarized in Table VIII-13 (Fisheries
Technical Committee 1999; Neuderfer 1998c; Steinbach1990).  Low water conditions led
to the TFM application point being moved downstream in 1990 where only the last mile of
brook was treated.  The scheduled 1994 treatment was avoided due to low sea lamprey
recolonization indicated by pre-treatment sea lamprey surveys. 
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Figure VIII-7

Table VIII-14.  Beaver Brook TFM treatment history and estimated sea lamprey mortality.

Year of
Treatment

River Miles
Exposed to TFM

Estimated Ammocoete 
Mortality

Estimated Transfomer
Mortality

1990 1.0 874 131

1998 2.5 954a

a Most of these are expected to be sea lamprey ammocoetes, however, samples have yet to be categorized by lamprey species and life
stage.

Screening Process

Estimated sea lamprey transformation

Beaver Brook has the potential to produce a minimum of 131 sea lamprey transformers per
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year as determined from target mortality estimates collected after the first TFM treatment
of Beaver Brook during the experimental sea lamprey control program. 

TFM

C Technical considerations:  Beaver Brook has substantial beaver impoundment
activity that interferes with TFM distribution and progression downstream.  Many
beaver dams had been breached prior to past TFM treatments, but many also
remained.  Low stream flows slow the progression of the chemical bank downstream
and allow attenuation of the chemical concentration over time.  Substantial backpack
spraying of remaining beaver impoundments and backwater areas may be necessary
for effective TFM treatment.  Diurnal pH shifts are not problematic on Beaver
Brook.  A possible means to deal more efficiently with the chemical attenuation
problem, would be to establish two simultaneous TFM feeds, one at the primary
application point (AP) and another approximately midway from the AP to the mouth.

C Nontarget concerns:  Nontarget mortality encountered during the 1990 TFM
experimental treatment is listed by the Fisheries Technical Committee (1999) and
include silver lamprey, a few individuals of three common fish species and two
salamanders.  The 1998 TFM treatment resulted in higher mortalities for eleven
common fish species, frog tadpoles and salamanders.  No threatened or endangered
species are known to exist within the TFM treatment zone of Beaver Brook. 
Simultaneous TFM feeds from two AP’s would expose the lower stream section to
two separate banks of TFM.  Elevated nontarget mortality could occur due to longer
exposure times resulting from two simultaneous TFM feeds.  See Section VII.A.1
for additional information regarding nontarget impacts and Section VII.A.2. for
mitigating measures.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  TFM treatment is estimated to cost $18,611 per treatment or $4,653 per year
based on a four-year treatment cycle. 

TFM/niclosamide

C Technical considerations:  The low flows of Beaver Brook preclude a combined
TFM/niclosamide treatment due to the added complexity of combined treatment and
the additional personnel required.
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Bayluscide 3.2% Granules

C Technical considerations:  The riverine setting of Beaver Brook is unsuited for use
of Bayluscide granules and it is not proposed for use there.

Barriers

C Technical considerations:  Beaver Brook is a small stream that could potentially be
removed from lampricide exposure by the installation of a sea lamprey barrier or
barriers on the mainstem and tributaries.  However, the landowners with the most
promising sites for a structure that would block 100 percent of sea lamprey
spawning habitat are presently unwilling to consider the sale of the necessary
parcels.  It is likely that some of these sites are in the zone of lake level influence
making barrier development at these sites problematic.  Other sites further upstream
are currently being investigated.

C Nontarget concerns:  No unique impacts.

C Human impacts:  No unique impacts.

• Habitat impacts:  No unique impacts.

C Cost:  Establishing a barrier on Beaver Brook is estimated to cost $75,000 with an
expected durable life of 50 years.  This equates to $1,500 per year.  Additional costs
may be incurred securing landowner consent and securing property necessary for
development.
Trapping

• Technical considerations:  Difficult access, high water in spring and problematic
instream debris make spawning-phase sea lamprey adult trapping operations unlikely
on Beaver Brook and such operations are not proposed.   If a barrier is established
and a permanent trap could be incorporated into the structure then trapping efforts
may be reconsidered. 

Beaver Brook Control Strategy

Technically feasible control methods for Beaver Brook include TFM application and a
potential sea lamprey barrier.  Prior TFM stream treatments have been challenging but
effective.  A barrier was determined to have few negative impacts and the annual costs are
more favorable than TFM application.  Landowner consent must be secured, however,
before a barrier can be employed.  As other control methods become feasible for use on
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Beaver Brook the sea lamprey control strategy will be reevaluated.  The following sea
lamprey control strategy is recommended:

1.  Establish a sea lamprey barrier (or barriers) on Beaver Brook and accessible sea lamprey
tributaries if feasible and landowners consent.

2.  Until an effective barrier system can be established or if an effective barrier system is not
established, apply TFM to the lowermost 2.5 stream miles at approximately four-year intervals. 
The time interval could be adjusted should sea lamprey surveys indicate either slow
recolonization or early metamorphosis.

8.  Mullen Brook

Sea lamprey habitat

Sea lamprey larvae have recently been observed in Mullen Brook.  Sea lamprey access is
limited to the the lowermost 1.0 miles of stream below a natural barrier (Figure VIII-8).

Treatment history/results

Mullen Brook was not included as a control location during the experimental program
because observations indicated sea lamprey were not present prior to the program. 
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Figure VIII-8.

Screening Process

Estimated sea lamprey transformation

No current estimates of sea lamprey transformer production exist for Mullen Brook but
preliminary surveys in 2000 indicate sea lamprey abundance is probably low.  A preliminary
habitat evaluation in 2000 (David Nettles, USFWS, personal communication) indicates that
sea lamprey larval habitat is concentrated in the lowermost 0.3 miles of stream.  Surveys
will be scheduled to get initial estimates of larval sea lamprey densities and some
determination of the potential for sea lamprey transformer production prior to
implementing sea lamprey control activities. 
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TFM

• Technical considerations:  Technically, the Mullen Brook setting presents no unique
difficulties that would complicate TFM treatments.  It is a relatively small stream
with a rural agricultural setting and sparse human development. 

• Nontarget concerns:  American brook lamprey are present and sensitive to TFM. 
Considerable American brook lamprey mortality can be expected if standard TFM
application practices are followed.  The extent of the American brook lamprey
population should be investigated to determine if there would be unimpacted
populations outside of any proposed TFM application areas.  Mullen Brook was
designated as a potential donor water for transfer of American brook lamprey to the
Ausable River should lampricide treatment be terminated there and the American
brook lamprey population be determined to be non-viable as a result of those
treatments (Nashett and Durfey 1990).   No threatened or endangered species are
known to exist within the treatment zone of Mullen Brook.  Therefore, no special
mitigation measures are necessary and typical treatment protocol will be followed. 
See Section VII.A.1 for additional information regarding nontarget impacts and
Section VII.A.2. for standard mitigating measures.

• Human impacts:  Currently unknown.  No unique impacts are expected.

• Habitat impacts:  No unique impacts.

• Cost:  TFM lampricide treatment costs are estimated at $17,868 per treatment or
$4,467 per year based on a four-year cycle of treatment.

TFM/Niclosamide

• Technical considerations:  TFM/niclosamide combination treatment is not planned
for Mullen Brook due to its small discharge, the complexity of treatment and
analyses, and additional personnel necessary.

Bayluscide 3.2% Granules

• Technical considerations:  No use of granular Bayluscide is currently planned for
Mullen Brook Delta because deepwater habitats are thought unlikely to contain a sea
lamprey population warranting control at this location.  If future surveys indicate
differently then Bayluscide application will be reevaluated.
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Barriers

• Technical considerations:  Mullen Brook has not been scrutinized for barrier
application because it was not targeted for treatment under the experimental control
program.  Investigation of the application of barrier technology for Mullen Brook is
needed.  Other screening discussion for barriers will be deferred until more
information is known.

• Nontarget concerns:  No unique impacts.

• Human impacts:  No unique impacts.

• Habitat impacts:  No unique impacts.

• Cost:  Establishing a barrier on Mullen Brook is projected to cost approximately
$75,000.  Assuming a 50 year structure durability the annual cost is estimated at
$1,500.

Trapping

• Technical Considerations:  Mullen Brook may be a candidate for spawning-phase sea
lamprey trapping operations if the population is determined to be high enough to
warrant control activities.  High spring flows present a major difficulty to surmount
if such activities are planned.  If a barrier is established and a permanent trap could
also be established then trapping efforts would become more realistic. 

• Nontarget concerns:  No unique impacts.

• Human impacts:  No unique impacts.

• Habitat impacts:  No unique impacts.

• Cost:  Trapping using PATs is likely to cost $4,758 per year.  If a barrier is
established a permanent trap may be incorporated into that structure.  The cost of
establishing a permanent trap would be included in the construction costs of a
barrier.  

Mullen Brook Control Strategy

Technically feasible control methods for Mullen Brook may include TFM application,
establishing a low-head barrier and trapping at the barrier.  Present transformer production
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estimates are not available and recent preliminary surveys indicate low sea lamprey
abundance.  If future sea lamprey assessments find sea lamprey populations warranting
control, the above methods will be considered for implementation.  As other control
methods become feasible for use on Mullen Brook the sea lamprey control strategy will be
reevaluated.  The following sea lamprey control strategy is recommended:

1.  Investigate the applicability of spawning-phase sea lamprey trapping

2.  Investigate the applicability of establishing a permanent barrier if feasible and landowners
consent.  If a barrier can be established, incorporate a permanent sea lamprey trap into the
barrier structure.

3.  Apply TFM at approximately four-year intervals at a location below the natural barrier. 
That location will be determined by surveys.  TFM application would occur only if sea lamprey
densities indicate that control is necessary, trapping proves unsuccessful and an effective barrier
cannot be developed.  The time interval could be adjusted should sea lamprey surveys indicate
either slow recolonization or early metamorphosis.

9.  Putnam Creek

Sea lamprey habitat

Sea lamprey have access to 4.8 miles of Putnam Creek from its mouth to a natural barrier at
Crown Point Center (Figure VIII-9).  No tributary feeder streams are believed to contain
larval sea lamprey at this time.

Treatment history/results

The Putnam Creek TFM treatment history is summarized in Table VIII-14 (Fisheries
Technical Committee 1999; Neuderfer 1998d; Steinbach and Davis 1990e; NYSDEC Ray
Brook, NY unpublished file data).  Diurnal pH shifts increased the complexity of TFM
treatments at this site.  Coupled with freshwater intrusions from numerous streambed
springs, excessive chemical attenuation occurred on lower reaches of the creek.  Putnam
Creek represents one of the most technically difficult treatments and consists of several
application points and boosts in efforts to address the chemical attenuation problems.  In
both the 1990 and 1994 treatments, minimum lethal chemical concentrations were not
carried in the lower reaches of the creek.  In all three previous treatments, Brevoort Brook,
Ranney Brook,  Hatchery Outlet, an unnamed tributary and two downstream mainstem
locations (Rt 2 and Rt 9 boosts) were all treated with TFM in efforts to neutralize, to the
degree possible, the dilution effects of added volumes of water into Putnam Creek and
prevent sea lamprey escapement.  Crews applied TFM to tributary streams at accessible
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Figure VIII-9

locations as close to their confluence with Putnam Creek as possible.

Table VIII-15.  Putnam Creek TFM treatment history and estimated sea lamprey mortality.

Year of
Treatment

River Miles
Exposed to TFM

Estimated Ammocoete 
Mortality

Estimated Transfomer
Mortality

1990 4.8 27,109 3,121

1994 4.8 19,545 1,114

1998 4.6 11,998a

a Most of these are expected to be sea lamprey ammocoetes, however, samples have yet to be categorized by lamprey species and life
stage. 
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Screening process

Estimated sea lamprey transformation

Putnam Creek has the potential to produce over 3,000 sea lamprey transformers per year as
determined from target mortality estimates evaluating the first Putnam Creek TFM
treatment during the experimental control program.

TFM

C Technical considerations:  Putnam Creek represents a technically feasible, though
difficult stream to treat with TFM because of numerous freshwater inputs from
feeder streams and streambed springs.  There are also fairly wide pH shifts in the
lower reaches of the creek.  These factors affect chemical toxicity.  TFM
concentration targets and applications require careful scrutiny to assure that
chemical toxicities remain lethal to sea lamprey but below permitted thresholds. 
TFM was applied previously within a very short distance of the mouth of Brevoort
Brook, but access would be much easier 0.3 miles upstream and consideration
should be given to applying the block there.  The only practical location for the TFM
application on Ranney Brook is 0.1 miles upstream from the confluence with
Putnam Creek.  Treatments have been effective in spite of the difficulties, and
assessments have shown large reductions of larval sea lamprey populations. 
Experiences gained may offer new opportunities for improved effectiveness for
future TFM treatments. 

• Nontarget concerns:  Nontarget mortality encountered during the 1990 and 1994
experimental TFM treatments is listed by the Fisheries Technical Committee
(1999).  Sensitive species likely to suffer mortality are silver lamprey and
mudpuppies.  In 1998 nontarget assessment following TFM treatment indicated
mortalities of 21 common fish species and some salamanders.  Future TFM
treatments would likely result in similar nontarget effects.  No threatened or
endangered species are known to exist within the treatment area of Putnam Creek  
Therefore, no special mitigation is necessary and typical treatment protocol will be
followed.  See Section VII.A.1 for additional information regarding nontarget
impacts and Section VII.A.2. for standard mitigating measures.

C Human impacts:  A unique aspect is that this stream, entirely within New York, has a
plume affecting the Vermont shoreline as well as the New York shoreline of Lake
Champlain.

C Habitat impacts:  No unique impacts.
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C Cost:  The estimated cost is $40,335 per treatment or $10,084 per year based on a
four-year treatment cycle. 

TFM/Niclosamide

C Technical considerations:  Putnam Creek flows are too low to warrant the complex
application and analyses and additional personnel needs for treatment using a
TFM/niclosamide combination.

Bayluscide 3.2% Granules

C Technical considerations:  Bayluscide 3.2% granule application is considered
inappropriate for the riverine environment of Putnam Creek.

Barriers

C Technical considerations:  A sea lamprey barrier is not currently proposed for
Putnam Creek.  The preliminary barrier feasibility study for Putnam Creek
(Anderson, B. E. et al. 1985) indicated numerous difficulties with the establishment
of a low-head barrier.  The best proposed location of a barrier would only eliminate
approximately 60 percent of the available sea lamprey larval habitat, and several
questions remain to be addressed regarding stream flows, lake levels, lake wave
action and necessary weir length and height to accommodate extreme conditions. 
Also, small numbers of sea lamprey nests have been observed below the proposed
barrier site.  Although potentially feasible with careful engineering of jump pools
and levees, the outlook is currently poor for establishment of a low-head barrier that
would eliminate the need for TFM treatments in the foreseeable future.  Electronic
barrier feasibility should be considered and investigated at a location below all sea
lamprey activity.  This may be a poor option due to the presence of a rainbow trout
(steelhead) run however, and the improbability of implementing an effective trap and
transfer operation necessary to move steelhead above the barrier.

• Nontarget concerns:  A steelhead run is known to exist on Putnam Creek and though
low-head barriers can be equipped with jump pools to allow migrations beyond such
barriers, electronic barriers cannot incorporate jump pools without a fishway and
sophisticated water pumping operations.  Other means of passing steelhead, such as
a fish trap and transfer operation, would be infeasible given expected staffing and
funding availability.  Therefore, barrier construction is not currently recommended.
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Trapping

C Technical considerations:  Provision for adult sea lamprey trapping should be
incorporated into any future (though unlikely) barrier design.  The outlook for
portable adult trapping as a sole means of sea lamprey control on Putnam Creek is
poor due to excessive spring flows, the technical difficulty of mitigating
interference with steelhead migrations and the location of Putnam Creek far from
the personnel required for such operations. 

Putnam Creek Control Strategy

Technically feasible control methods for Putnam Creek include only TFM application. 
Preliminary studies relative to a sea lamprey barrier were not favorable but the feasibility
of a barrier will continue to be explored.  As other control methods become feasible for
use on Putnam Creek the sea lamprey control strategy will be reevaluated.  The following
sea lamprey control strategy is recommended:

1.  Apply TFM at approximately four-year intervals to the lower 4.8 miles of Putnam Creek and
a total of 0.4 miles of associated tributaries.  Treating associated tributaries at accessible
locations is necessary to neutralize the dilution effect of additional water to Putnam Creek and
to prevent sea lamprey escapement.  The time interval could be adjusted should sea lamprey
surveys indicate either slow recolonization or early metamorphosis.

2.  Pursue further sea lamprey barrier feasibility studies to determine whether an effective sea
lamprey barrier including trapping facilities can be established on Putnam Creek.

10.  Mt. Hope Brook

Sea lamprey habitat

The sea lamprey accessible habitat of Mt. Hope Brook extends from the mouth to an area
1.3 miles upstream in the hamlet of South Bay (Figure VIII-9).  An additional 0.6 miles
accessible to sea lamprey occurs on Greenland Brook, a tributary to Mt. Hope Brook.
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Figure VIII-10.

Treatment history/results

The Mt. Hope Brook TFM treatment history is summarized in Table VIII-15 (Fisheries
Technical Committee 1999; Neuderfer 1999c; Steinbach 1991a, 1995a).  The primary
application occurred at the village of South Bay at the stream’s crossing of County Route
16 in 1991.  A boost site was located at the confluence of a tributary known locally as Cold
Spring to address the dilution factor there.  Because of very low water in 1995, the primary
application point was moved to the confluence of Cold Spring, downstream of  County
Route 16.  During both treatments an additional TFM application site was located on
Greenland Brook near its confluence with Mt. Hope Brook to compensate for untreated
water dilution and to remove the brook as a refuge to sea lamprey during treatment.  The
application point for the 1999 treatment was again at the County Route 16 crossing and a
boost was operated at the confluence with Cold Spring and on Greenland Brook.  Secondary
backpack spray treatments occurred during all treatments to numerous backwater regions
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adjacent to the brook.  These areas were hand-sprayed because TFM could not infiltrate into
these areas from the main stream application. Left untreated, these backwaters provided sea
lamprey refugia from lethal chemical concentrations.  Greenland Brook was treated by
backpack sprayer above the boost site in 1999 in an effort to treat obvious sea lamprey
habitats occuring in this area.

Table VIII-16.  Mt Hope Brook TFM treatment history and estimated sea lamprey mortality.

Year of
Treatment

River Miles
Exposed to TFM

Estimated Ammocoete 
Mortality

Estimated Transfomer
Mortality

1991 1.4 21,894 4,018

1995 1.3 9,629 1,367

1999 1.5 12,276 169

Screening Process

Estimated sea lamprey transformation

Mt. Hope Brook has the potential to produce over 4,000 transformers annually based upon
mortality estimates generated during assessments of the first TFM treatment.

TFM

C Technical considerations:  Mt. Hope Brook normally requires three application sites
to facilitate TFM treatment of the stream:  a primary application near the upstream
sea lamprey habitat terminus, at Cold Spring Brook, and at Greenland Brook to
counter dilution of the chemical in the mainstream and to prevent use of these
tributaries as sea lamprey refuge areas during treatment.  Several problems make
treatment logistics difficult.  Numerous backwaters and beaver dams complicate
stream flows and interfere with lampricide infiltration to many target areas of sea
lamprey infestation.  Beaver dams must be breached and kept breached long enough
before treatment to decrease chances of sea lamprey survival in exposed mud banks
and flats.  Low flows complicate treatment through increased attenuation of
lampricide and decreased infiltration of lampricide into backwater regions. 
Greenland Brook is also infested with sea lamprey, and approximately 0.6 miles
should be included during future TFM applications.  Diurnal pH swings were not
problematic on Mt. Hope Brook.

C Nontarget concerns:  Nontarget mortality encountered during the 1991 and 1995
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experimental TFM treatments is listed by the Fisheries Technical Committee
(1999).  Silver lamprey are a sensitive species likely to suffer mortality and a few
were observed dead after each treatment.  Overall nontarget mortality was low
during experimental control.  In 1999, TFM treatment resulted in moderate
mortality among 9 common fish species, silver lamprey, red-spotted newts, and two-
lined salamanders.  A single crayfish mortality was also recorded.  Similar nontarget
mortality can be expected from future TFM treatments on Mt. Hope Brook.  No
threatened or endangered aquatic species are known to exist within the TFM
treatment area of Mt. Hope Brook.  Therefore, no special mitigation measures are
necessary and typical treatment protocol will be followed.  See Section VII.A.1 for
additional information regarding nontarget impacts and Section VII.A.2. for standard
mitigating measures.

C Human impacts:  Water use advisories associated with TFM treatment have
remained in effect for all of South Bay Lake Champlain for up to 12 days.

C Habitat impacts:  No unique impacts.

C Cost:  The cost of TFM treatment on Mt. Hope Brook is estimated at $20,760 per
treatment or $5,190 per year based on a four-year treatment cycle.

TFM/Niclosamide

C Technical considerations:  Mt. Hope Brook flows are too low to warrant the
complex application and analyses and additional personnel needs for treatment using
a TFM/niclosamide combination.

Bayluscide 3.2% Granules

C Technical considerations:  Bayluscide 3.2% granule application is considered
inappropriate for use in the riverine environment of Mt. Hope Brook.  

Barriers

C Technical considerations:  The sea lamprey infested area of Mt. Hope Brook is not
conducive to the establishment of a low-head sea lamprey barrier nor does current
technology offer other barrier options suitable for this tributary.  Barrier
development for Mt. Hope Brook is not currently proposed.
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Trapping

C Technical considerations:  Mt. Hope Brook has difficult access to the lower reach
of stream where trapping operations might occur.  High spring flows, numerous
backwaters and a broad flood plain add to trapping difficulties.  These problems
currently preclude spawning-phase trapping operations as a component of long-term
sea lamprey control.

Mt. Hope Brook Control Strategy

Technically feasible control methods for Mt. Hope Brook include only TFM application. 
Other control options explored are either inappropriate or not feasible at this time.  As
other control methods become feasible for use on Mt. Hope Brook the sea lamprey control
strategy will be reevaluated.  The following sea lamprey control strategy is recommended:

1.  Apply TFM to Mt. Hope Brook at or below river mile 1.3 approximately every four years. 
The time interval could be adjusted should sea lamprey surveys indicate either slow
recolonization or early metamorphosis. 

10a.  Greenland Brook

Sea lamprey habitat

The sea lamprey accessible habitat of Greenland Brook extends from a natural barrier
(waterfall) 0.6 miles to the Brook’s confluence with Mt. Hope Brook (see Mt. Hope Brook
site map, Figure VIII-10).

Treatment history/results

The Greenland Brook TFM treatment history is summarized in Table VIII-16 (Fisheries
Technical Committee 1999; Neuderfer 1999c, 1995a; Steinbach 1991a).  Greenland Brook
has not been adequately treated for sea lamprey control.  There were TFM applications near
the confluence with Mt. Hope Brook to prevent its use as a refuge and counter the dilution
effect that would otherwise take place during the 1991 and 1995 Mt. Hope Brook TFM
treatments.   In 1999, NYSDEC conducted a TFM treatment that included the lower half of
the 0.6 miles of sea lamprey-infested Greenland Brook.  The treatment was accomplished
using a TFM application near the confluence and applying TFM using backpack sprayers to
sections of stream extending approximately half way to the upstream barrier. 
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Table VIII-17.  Greenland Brook TFM treatment history and estimated sea lamprey mortality.

Year of
Treatment

River Miles
Exposed to TFM

Estimated Ammocoete 
Mortality

Estimated Transfomer
Mortality

1991 0.1 824 234

1995 0.1 246 66

1999 0.3 670 0

Screening Process

Estimated sea lamprey transformation

Greenland Brook is capable of producing over 200 sea lamprey transformers annually
based on mortality assessments following the first TFM treatment.

TFM

• Technical considerations:  Greenland Brook is periodically inundated with beaver
dams over much of the sea lamprey infested area.  TFM treatment at the barrier
would require the breaching of all beaver dams to the confluence with Mt. Hope
Brook to enable TFM to progress unimpeded to the confluence.  

• Nontarget concerns:  Nontarget mortality assessments did not separate Greenland
Brook nontarget counts from the corresponding Mt. Hope Brook section at the
confluence of the two brooks so a separate estimate is not available.  The 1999
nontarget assessment crew leader (Vance Gilligan, NYSDEC, personal
communication), indicated that very little nontarget mortality was observed on
Greenland Brook.  No threatened or endangered species are known to exist within
the treatment area of Greenland Brook.  Therefore, no special mitigation measures
are necessary and typical treatment protocol will be followed.  See Section VII.A.1
for additional information regarding nontarget impacts and Section VII.A.2. for
standard mitigating measures.

• Human impacts:  No unique impacts.

• Habitat impacts:  No unique impacts.

• Cost:  Costs are part of the Mt. Hope Brook TFM treatment and are included within
the overall cost estimates for that TFM treatment.  Greenland Brook would not be
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treated with TFM independently from Mt. Hope Brook. 
TFM/Niclosamide

• Technical considerations:  The Mt. Hope/Greenland Brook combined stream system
flows are too low to warrant the complex application, analysis and additional
personnel needs for treatment using a TFM/niclosamide combination.

Bayluscide 3.2% Granules

• Technical considerations:  Bayluscide 3.2% granule application is inappropriate for
use in the low-discharge riverine waters of Greenland Brook. 

Barriers

• Technical considerations:  The physical setting, remote location and a probable
walleye spawning run preclude the establishment of a barrier on Greenland Brook.

Trapping

• Technical considerations:   The presence of beaver activity, expected high spring
flows, Lake Champlain backwater effects, remote location and poor site suitability
make trapping prospects very poor.  No trapping operations are planned for
Greenland Brook.

Greenland Brook Control Strategy

TFM application is the only technically feasible control method for Greenland Brook.  A
simultaneous lampricide treatment of Greenland Brook with a treatment of Mt. Hope
Brook is necessary to prevent is use as a sea lamprey refuge, and to prevent attenuation of
the chemical block in Mt. Hope Brook downstream of its confluence with Greenland
Brook.  As other control methods become feasible for use on Greenland Brook, the sea
lamprey control strategy will be reevaluated.  The following sea lamprey control strategy is
recommended:

1.  Apply TFM in Greenland Brook only in conjunction with a TFM treatment of Mt. Hope Brook
at or near the natural barrier approximately 0.6 miles above the confluence with Mt. Hope
Brook.
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Figure VIII-11.

11.  Poultney River
  
Sea lamprey habitat  

Sea lamprey have access to approximately 10.5 miles of the lower Poultney River which
extends from the mouth to a natural barrier at Carvers Falls in the Towns of Whitehall, New
York and Fair Haven, Vermont (Figure VIII-11).

Treatment history/results

  The Poultney River treatment history is summarized in Table VIII-17 (Fisheries Technical
Committee 1999; Neuderfer 1997b; Steinbach 1992b).  Both experimental program TFM
treatments were conducted at concentrations below the typical treatment level of 1.5 times
MLC.  In 1992, restrictive permit conditions required TFM to be applied at a concentration
equivalent to 0.8 times MLC, and did not allow simultaneous TFM application in the
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Hubbardton River to maintain the permitted concentration downstream of its confluence
with the Poultney (Steinbach 1992b).  This approach resulted in an ineffective treatment.  In
1996, modified permit conditions allowed a TFM concentration of 1.0 times MLC to be
applied, along with a simultaneous application to the Hubbardton River, which resulted in an
effective treatment (Fisheries Technical Committee 1999).  

The 1996 treatment, with a minimally effective TFM concentration, was successful due to
(1) overcast and rainy weather and consequent stabilization of pH combined with a slow and
steady decrease in alkalinity at the time of treatment, which maintained, or slightly
increased toxicity; and (2) the simultaneous treatment of the Hubbardton River which
prevented excessive downstream  dilution of the TFM block (Neuderfer 1997b). 
Stabilization of flows at the Carvers Falls hydroelectric station may also have been a factor.

Table VIII-18.  Poultney River TFM treatment history and estimated sea lamprey mortality.

Year of
Treatment

River Miles
Exposed to TFM

Estimated Ammocoete 
Mortality

Estimated Transformer
Mortality

1992 10.5 197 0

1996 10.5 5,770 989

Screening Process

The Poultney River was designated an “Outstanding Resource Water” in 1991 by the
Vermont Water Resources Board, in response to a public petition pursuant to 10 V.S.A.
Section 1424a.  This designation reflects the State of Vermont’s acknowledgment of the
Poultney River’s biodiversity and social values.  The river contains diverse native
freshwater mussel and fish communities, including an important walleye spawning area, and
high quality riparian wildlife habitat.

An Outstanding Resource Waters designation requires the State of Vermont to hold aquatic
nuisance control permit applications to a higher standard than it would for similar proposals
on other rivers.  The VTDEC has stated that “Increased scrutiny and caution in the issuance
of an aquatic nuisance control permit for an outstanding resource water should be
expected” (VTDEC 1996b).  The screening process therefore reflects the Cooperative’s
full recognition of, and consideration for the Poultney River’s biological and social values,
and the regulatory implications of its designation as an Outstanding Resource Water. 

Estimated Sea Lamprey Transformation  

Mortality counts following the 1996 Poultney River TFM treatment resulted in an estimate
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of nearly 1,000 transformers killed (Fisheries Technical Committee 1999).  No
transformer mortality was observed following the unsuccessful 1992 TFM treatment
(Fisheries Technical Committee 1999).  A preliminary estimate of 619 sea lamprey
transformers was made in 2000, utilizing quantitative assessment sampling survey
techniques described by Klar and Schleen (1999) (USFWS, Essex Junction, Vermont,
unpublished data).  

TFM

C Technical considerations:  A TFM treatment of the Poultney River is technically
feasible.  The experimental program TFM treatments demonstrated that water flows
can be augmented by the release of water from Lake Bomoseen which flows into the
Poultney River approximately 3.3 river miles above Carvers Falls via the Castleton
River (provided that the Lake Bomoseen water level is above that prescribed by the
Vermont Water Resources Board).  River flows can also be stabilized at the Carvers
Falls Hydroelectric Plant.  Applying TFM through the Carvers Falls Hydroelectric
Plant penstock allows for rapid and thorough mixing of TFM.  Attainment of an
effective treatment also requires simultaneous application of TFM to the
Hubbardton River to prevent dilution of the TFM block downstream of its
confluence with the Poultney River.  

C Nontarget concerns:  The channel darter, (endangered in Vermont) and the eastern
sand darter (threatened in Vermont and New York) along with five Vermont state-
listed endangered mussel species (black sandshell, fluted shell, fragile papershell,
pink heelsplitter and pocketbook) and one Vermont threatened mussel (giant floater)
are found in the Poultney River.  There were no observed mortalities of any of these
listed species in the two experimental program TFM treatments (Fisheries Technical
Committee 1999).  Silver lamprey were the most affected nontarget fish species
during the previous treatments, with estimated mortalities of 101 individuals in
1992 and 2,549 in 1996.  Excluding silver lamprey, only four nontarget fish
mortalities representing four species were observed after the 1992 treatment; in
1996, 21 mortalities were observed representing eight fish species (Fisheries
Technical Committee 1999).  Amphibian mortalities were limited to two
salamanders from the 1996 treatment; no amphibian mortalities were observed
during the 1992 treatment (Fisheries Technical Committee 1999).  This level of
nontarget impact would likely be similar in future TFM treatments. 

A TFM treatment of the Poultney River is expected to have the lowest risk of
significant nontarget impacts relative to other current technically feasible control
methods.  Impacts would be mitigated by applying TFM at a target concentration of
less than or equal to the lowest no observed effect concentration, determined by
toxicity testing, for the resident threatened and endangered species discussed in the
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preceding paragraph.  Lampricide toxicity data are currently available for all of these
species except for the fluted shell, fragile papershell and giant floater mussels;
toxicity testing of these three species will be conducted prior to obtaining permits
for future treatment of the Poultney River.  See Section VII.A.1 for additional
information regarding nontarget impacts and Section VII.A.2. for mitigating
measures.

C Human impacts:  A TFM treatment of the Poultney River will create noticeable but
manageable human impacts.  The 1992 and 1996 treatments resulted in a 10.5-mile-
long river water use advisory area which began at the TFM application point and
extended to the river’s mouth; as well as a 20-mile-long lake shore advisory area
from the river mouth near Whitehall, New York, north to Ticonderoga, New York. 
In 1992 this advisory area was divided into four zones (upper river, lower river,
south lake, north lake).  The 1992 treatment resulted in water use advisories which
ranged from 2 days for the upper river (from Carvers Falls to the confluence of the
Hubbardton River), to 15 days for the north lake zone.  The 1996 treatment resulted
in similar water use advisory durations.
Water releases from Lake Bomoseen have been used to enhance flows of the
Poultney River during past TFM treatments.  Impacts to human use of Lake
Bomoseen from such releases during a treatment are negligible since the water
available is restricted to within 3 inches above or below the lake level mandated by
the Vermont Water Resources Board.  The duration of water use advisories may be
shortened in instances when Lake Bomoseen water is released to dilute the
lampricide following treatment.

A lampricide treatment of the Poultney River may produce other human impacts. 
The successful efforts to designate the Poultney River as an outstanding resource
water by local citizens demonstrates their strong commitment to the protection of
this river system.  Some are concerned with the use of lampricides in the Poultney
and find it to be an unacceptable control option.  The Cooperative recognizes these
concerns and will continue to investigate appropriate non-chemical control
alternatives.

C Habitat impacts:  No unique impacts.

C Cost:  TFM treatment of the Poultney River is estimated to cost  $70,700 per
treatment or $17,700 per year based on a four-year treatment cycle.  This estimate
includes the cost of a simultaneous TFM application in the Hubbardton River.
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TFM/Niclosamide

C Technical considerations:  If the Poultney River is treated at flows of greater than
100 cfs it may be advantageous to treat it with a TFM/niclosamide combination as
compared to TFM, since it would significantly reduce the total amount of lampricide
required.  Treatment would be similar to that of a TFM application with an increase
in effort associated with the additional application of Bayluscide 70% Wettable
Powder (or a liquid Bayluscide formulation, pending completed EPA registration) to
the treatment.  Application and analysis efforts would require additional personnel
and equipment to accommodate such a treatment (See Section IV.A.2.).

C Nontarget concerns:   Impacts of the TFM/niclosamide combination on nontarget
organisms, and associated mitigating measures, are similar to those for TFM (See
Sections VII.A.1. and VII.A.2.).

C Human impacts:  Human impacts would be similar to those indicated with TFM
treatments except that the duration of water use advisories may be shorter than with
treatments using TFM alone, due to the overall reduction in the amount of
lampricide used.

C Habitat impacts:  No unique impacts.

C Cost:  TFM/niclosamide treatment of the Poultney River is estimated to cost
$51,200 per treatment or $12,800 per year based on a four-year treatment cycle. 
This estimate includes the cost of a simultaneous TFM application in the
Hubbardton River.

Bayluscide 3.2% Granules

C Technical considerations:  Application of Bayluscide 3.2% granules is not proposed. 
This formulation is inappropriate for use in the sea lamprey-infested riverine
environment of the Poultney River.

Barriers

C Technical considerations:  The construction of a low-head or adjustable crest barrier
on the Poultney River is not being proposed at this time.  Feasibility studies have
shown that the construction of a barrier dam on the Poultney River at approximately
1.0 miles below Carvers Falls (the most suitable site) would be technically difficult
due to the erosional nature of the soils (Walrath and Swiney in review). 
Furthermore, a low-head or adjustable crest barrier would not necessarily eliminate
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the need for other lamprey control measures (i.e. lampricide application) as sea
lamprey spawning and larval habitat exists below this site and in downstream
tributaries including the Hubbardton River (NYSDEC et al. 1990; Walrath and
Swiney in review).  The construction of an electrical barrier may be technically
feasible at Coggman Bridge (Walrath and Swiney in review).  Utility poles are
present at the site and power is only 0.25 miles away.  Since this site is below the
Poultney/Hubbardton River confluence, a successful electrical barrier here may also
eliminate the need for additional sea lamprey control in the Hubbardton River.

C Nontarget concerns:  Any barrier located on the Poultney River could have
significant impacts on important migratory fish populations by blocking spawning
migrations of several species including walleye, rainbow smelt, smallmouth bass,
white suckers and various cyprinid species.  It may not be feasible to develop an
effective fish passage facility for the Poultney River.  Several fish species’ spawning
migrations coincide with sea lamprey movements and typically occur under highly
variable spring stream flows and Lake Champlain backwater levels, when the
operation of effective fish passage would be compromised.  A barrier may prevent
some migratory host fish/mussel glochidia interactions which could potentially
affect mussel recruitment upstream of the barrier.  In order to minimize potential
adverse impacts to the endangered and threatened fish and mussel communities
within the Hubbardton and lower Poultney Rivers, a fish passage facility would have
to be highly effective in the capture and passage of migratory fish species. 
Therefore, no low-head, adjustable crest, or electrical barrier is proposed at this
time.  The feasibility of a barrier on the Poultney River will be periodically revisited
as the technology of sea lamprey barrier design and fish passage advances.

Trapping 

C Technical considerations:  Trapping spawning-phase sea lampreys using portable
assessment traps is not proposed as a means of sea lamprey control in the Poultney
River at this time.  Suitable trapping sites where sufficient numbers of spawning-
phase sea lamprey could be removed to effectively limit reproduction do not
currently exist.  Only a few spawning-phase sea lamprey of each sex avoiding traps
may repopulate the entire river due to their very high fecundity.  Attempts have been
made with portable assessment traps to capture sea lamprey spawners at Carvers
Falls and near Coggman Bridge, but these efforts yielded very few sea lamprey, and
thus were deemed ineffective.

Poultney River Control Strategy

At present, no non-chemical control alternatives have been determined to be both
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technically feasible, and to pose lower risks to the non-target environment than do
controlled lampricide applications.  Future work to develop an empirical stream treatment
ranking system similar to the model developed by GLFC (See Section V.A.) may establish
the priority level for treating the Poultney River relative to other Lake Champlain
tributaries.  Non-chemical control alternatives, including techniques currently under
development, will continue to be investigated. The Poultney River, with its Outstanding
Resource Water designation, would receive priority for implementation of such
alternatives should any be determined to be feasible.  The following sea lamprey control
strategy is recommended:

1.  If feasible alternative control methods are not available, and program wounding rate
objectives are not achieved four years after initiation of the Proposed Action, or if program
objectives are not maintained as verified by periodic assessments thereafter, then apply TFM or
a TFM/niclosamide combination at river mile 10.5 (Carvers Falls), with a simultaneous TFM
treatment of the Hubbardton River (see following Hubbardton River discussion).  Target
treatment concentrations will be less than or equal to levels shown not to cause mortality to
resident state-listed threatened and endangered aquatic species.  The time interval between
treatments, if conducted, would likely be four years or more, based on current rates of sea
lamprey transformer production.

11a.  Hubbardton River

Sea lamprey habitat

Sea lamprey have access to approximately 2.0 miles of the Hubbardton River above its
confluence with the Poultney River to a region of stepped bedrock which acts as a natural
sea lamprey barrier (see Figure VIII-11). 

Treatment history/results

The Hubbardton River TFM treatment history is summarized in Table VIII-18 (Fisheries
Technical Committee 1999; Neuderfer 1997b; Steinbach 1992b).  In 1992, the entire 2.0
miles of larval habitat was treated (Steinbach 1992b), while in 1996, only the lowermost
0.5 mile of the Hubbardton was treated primarily to achieve precise timing of chemical
convergence between the Hubbardton and Poultney Rivers (Neuderfer 1997b).  Both
treatments were conducted at a target concentration of 1.0 times MLC, to afford protection
to nontarget species downstream in the Poultney River.
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Table VIII-19.  Hubbardton River TFM treatment history and estimated sea lamprey mortality.

Year of
Treatment

River Miles
Exposed to

TFM

Estimated Ammocoete
Mortality

Estimated Transformer
Mortality

1992 ~2.0 174 8

1996 0.5 20 0

Screening process

Estimated sea lamprey transformation

Transformer production is low in the Hubbardton River based on mortality counts
following the  1992 TFM treatment.  Only the lower 0.5 mile of stream was treated in
1996.  A preliminary estimate of 4 sea lamprey transformers was made in the summer of
2000 (USFWS Essex Junction, VT unpublished data), using quantitative assessment survey
techniques as described by Klar and Schleen (1999).  This level of transformer production
does not warrant treatment of the Hubbardton River alone, but treatment near its mouth
would be necessary in conjunction with a treatment of the Poultney River (see below).

TFM

C Technical considerations:  A TFM treatment of the Hubbardton River is technically
feasible as demonstrated by the 1992 and 1996 lampricide treatments.  While the
Hubbardton River could be treated alone, it would presently not be necessary to treat
it unless included with a simultaneous treatment of the Poultney River.  A
simultaneous lampricide treatment of the Hubbardton River with a treatment of the
Poultney River is necessary to prevent attenuation of the chemical block in the
Poultney River downstream of its confluence with the Poultney River.  

C Nontarget concerns:  The giant floater mussel (threatened in Vermont) has been
documented in the Hubbardton River.  No mussel mortalities were observed after
the 1992 or 1996 TFM treatments.  The 1992 TFM treatment of the Hubbardton
River resulted in a single mortality observed for each of the following species:
tessellated darter, silvery minnow, pumpkinseed and an unidentified minnow
(Fisheries Technical Committee 1999).  The 1996 TFM treatment resulted in the
observed mortality of a single tessellated darter.  These same species may be
similarly impacted in future TFM treatments.  Although no amphibian mortalities
were reported during the 1992 or 1996 TFM treatments, mudpuppies and frog
tadpoles may inhabit the Hubbardton River, and may suffer limited mortality from
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TFM applications.  Impacts will be mitigated by applying TFM at a target
concentration of less than or equal to the lowest no observed effect concentration,
determined by toxicity testing, for the resident threatened and endangered species
discussed above.  See Section VII.A.1 for additional information regarding nontarget
impacts and Section VII.A.2. for mitigating measures.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  TFM treatment of the Hubbardton River is incorporated into the cost of a
TFM treatment of the Poultney River.

TFM/Niclosamide

C Technical considerations:  Hubbardton River flows are too low to warrant the
complex application and analysis and additional personnel needs for treatment using
a TFM/niclosamide combination. 

Bayluscide 3.2% Granules

C Technical considerations: Application of Bayluscide 3.2% granules is not proposed
for use in the Hubbardton River.  This formulation is inappropriate for use in the
riverine environment of the Hubbardton River.

Barriers

C Technical considerations:  Although a site approximately 0.5 mile above the
Poultney River confluence exists where a low-head barrier dam could be
constructed on the Hubbardton River, the construction of a sea lamprey barrier on
the Hubbardton River is not proposed due to the low transformer production noted. 
Construction of a barrier would not preclude the use of TFM during a Poultney
River treatment (see TFM section above). 

Trapping
 
C Technical considerations:  Trapping spawning-phase sea lampreys using portable

assessment traps is not proposed for Hubbardton River because suitable sites do not
exist where trapping with PATs alone could effectively remove sufficient numbers
of spawning-phase lampreys.
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Hubbardton River Control Strategy

Technically feasible control methods for the Hubbardton River include TFM application
and low-head barrier establishment.  Although estimated transformer numbers are low, a
simultaneous lampricide treatment of the Hubbardton River coinciding with a treatment of
the Poultney River is necessary to prevent attenuation of the chemical block in the
Poultney River downstream of its confluence with the Hubbardton River.  The application
point may be established near the mouth to facilitate the lampricide convergence timing of
the two treatments.  The construction of a barrier would not eliminate this need.  As other
control methods become feasible for use on the Hubbardton River the sea lamprey control
strategy will be reevaluated.  The following sea lamprey control strategy is recommended:

1. Apply TFM only in conjunction with a Poultney River lampricide treatment to maintain
adequate treatment concentrations in the Poultney River.  The application point will be
dependent on sea lamprey densities and distribution within the Hubbardton River.

12.  Lewis Creek

Sea lamprey habitat

Sea lamprey have access to approximately 9.5 miles of Lewis Creek to Scott Pond Dam in
Charlotte, Vermont.  The falls at river mile 5.2 in North Ferrisburg act as a sea lamprey
barrier in some years, but during high flows sea lamprey are able to pass over the falls
(Figure VIII-12).

Treatment history/results

The Lewis Creek TFM treatment history is summarized in Table VIII-19 (Fisheries
Technical Committee 1999; Neuderfer 1995b; Steinbach and Davis 1990f).  In 1990, TFM
was applied at Scott Pond Dam and the treatment required a boost at the old U.S. Route 7
bridge (Steinbach and Davis 1990f).  In 1994, the primary application point was moved
downstream approximately 4 miles to the North Ferrisburg falls because assessment
surveys indicated low sea lamprey abundance between Scott Pond Dam and the falls
(Neuderfer 1995b).
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Figure VIII-12.

Table VIII-20.  Lewis Creek TFM treatment history and estimated sea lamprey mortality.

Year of
Treatment

River Miles
Exposed to TFM

Estimated Ammocoete
Mortality

Estimated Transformer
Mortality

1990 9.5 21,645 4,297

1994 5.2 40,537 871

Screening process

Estimated sea lamprey transformation

Lewis Creek has the potential to produce a minimum of over 4,000 sea lamprey
transformers annually based on mortality estimates following the 1990 treatment.  Recent
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investigations in Lewis Creek by Zerenner and Marsden (2000) estimated 3,660 sea
lampreys transforming in 1999 from Lewis Creek.

TFM

C Technical considerations:  A TFM treatment of Lewis Creek is technically feasible. 
Both the 1990 and 1994 experimental TFM treatments were effectively
accomplished.

C Nontarget concerns:  Nontarget mortality encountered during the 1990 and 1994
TFM treatments are listed in Fisheries Technical Committee (1999).  No threatened
or endangered fish species have been found in Lewis Creek.  Silver lamprey, which
are sensitive to TFM, may be most impacted.  Some common fish species will likely
suffer limited mortalities.  Of the mussel species found in Lewis Creek, three are
listed as endangered in Vermont.  They are the pocketbook, pink heelsplitter, and
fragile papershell.  Two other listed mussels, the giant floater (threatened) and
fluted-shell (endangered), along with the fragile papershell, are found on the delta. 
One pink heelsplitter was observed to be dead immediately below the TFM boost
site at the old Route 7 Bridge after the 1990 treatment, but no dead mussels were
observed after the 1994 treatment.  Small numbers of  mudpuppies were reported
killed during both experimental program TFM treatments.  Limited mudpuppy
mortality may occur during future treatments.  Impacts will be mitigated by applying
TFM at a target concentration of less than or equal to the lowest no observed effect
concentration, determined by toxicity testing, for the resident threatened and
endangered species discussed above.  See Section VII.A.1 for additional information
regarding nontarget impacts and Section VII.A.2. for mitigating measures.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  TFM treatment of Lewis Creek is estimated to cost $51,403 per treatment or
$12,851 per year based on a four-year treatment cycle.

TFM/Niclosamide

C Technical considerations:  Lewis Creek flows are too low to warrant the complex
application and analysis and additional personnel needs for treatment using a
TFM/niclosamide combination. 
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Bayluscide 3.2% Granules

C Technical considerations: Application of Bayluscide is not proposed for use in
Lewis Creek or it’s delta.  Application of this formulation is inappropriate for the
riverine environment of Lewis Creek, and there is no evidence of a Lewis Creek
delta population of sea lamprey.

Barriers

C Technical considerations:  A sea lamprey barrier was maintained at Scott Pond (river
mile 9.5) in 1994 by refurbishing an eroding low-head dam.  Additional sea lamprey
barriers on Lewis Creek are not being proposed at this time.  Feasibility studies have
shown that the construction of a low-head barrier dam on Lewis Creek at Greenbush
Road bridge (the most suitable site) is cost prohibitive, and would have serious
negative impacts to important in-stream fish populations if effective fish passage is
not incorporated (Anderson, B.E. et al 1985,  Staats 1993). Such a barrier may
impact migratory movements of smallmouth bass, steelhead, white suckers and
cyprinids from Lake Champlain; and interfere with recreational fisheries in Lewis
Creek.  Specific studies into the applicability of an electrical barrier on Lewis Creek
have not been conducted but similar impacts (other than the increased potential for
flooding) associated with a low-head barrier would likewise be expected.  Therefore,
an electrical barrier is not proposed at this time.

Trapping

C Technical considerations:  Trapping spawning-phase sea lamprey is not proposed as
a control option on Lewis Creek.  Sea lamprey trapping has been conducted at the
falls in North Ferrisburg since 1981 to monitor spawning runs.  However, removal
of the small numbers of sea lampreys caught in PATs has had no effect on the
overall lamprey population.  This site is situated upstream of widespread sea
lamprey spawning areas and would allow lampreys that are not trapped to spawn
below this point.

Lewis Creek Control Strategy

Technically feasible control methods for Lewis Creek include TFM application and
establishment of a low-head barrier.  Of these methods, TFM application was determined to
cause substantially lower negative impacts.  The construction of a low-head barrier dam on
Lewis Creek at the Greenbush Road bridge is cost prohibitive and would have serious
negative impacts to important in-stream fish populations.  A sea lamprey barrier will be
maintained at Scott Pond.  As other control methods become feasible for use on Lewis
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Figure VIII-13.

Creek the sea lamprey control strategy will be reevaluated.  The following sea lamprey
control strategy is recommended:

1.  Maintain Scott Pond Dam at river mile 9.5 as a sea lamprey barrier.

2.  Apply TFM at river mile 9.5 (or river mile 5.2 if substantial colonization is not found above
the falls in North Ferrisburg) every four years.  This interval could be adjusted should sea
lamprey surveys indicate slow recolonization or early metamorphosis.

13.  LaPlatte River

Sea lamprey habitat

Sea lamprey have access to approximately 3.3 miles of the LaPlatte River to the falls in
Shelburne, Vermont.  These falls are the upstream barrier to migration of adult sea lamprey
(Figure VIII-13).



304

Treatment history/results

The LaPlatte River was not included in the experimental control program because no
evidence of sea lamprey infestation had been found in the river prior to 1993 (USFWS
Essex Junction, VT unpublished data).

Screening process

Estimated sea lamprey transformation

Transformer production estimates are  not currently available.  Sea lamprey surveys prior to
1993 were negative for lamprey larvae despite evidence of adult spawning.  However,
surveys conducted in 1993 and 1997 found evidence that a larval population may be
building, perhaps due to improvements in water quality.  Sea lamprey habitat assessment and
larval surveys will continue to be conducted to obtain future estimates.

TFM

C Technical considerations:  TFM treatment of the LaPlatte River may be technically
feasible.  Water chemistry and dye plume studies will need to be conducted prior to
conducting TFM treatments.

• Nontarget concerns:  TFM application in the LaPlatte River may impact the
Vermont-listed stonecat (endangered) and channel darter (endangered).  Therefore,
treatment may not be pursued unless potential impacts can be mitigated.

• Human impacts:  No unique impacts are anticipated.

C Habitat impacts:  No unique impacts are anticipated.

C Cost:  No cost estimate has been generated. 

TFM/Niclosamide

C Technical considerations:  LaPlatte River flows are too low to warrant the complex
application and analysis and additional personnel needs for treatment using a
TFM/niclosamide combination. 

Bayluscide 3.2% Granules

C Technical considerations:  Application of Bayluscide 3.2% granules is not proposed
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for use in the LaPlatte River or on its delta.  This formulation is inappropriate for
use in the riverine environment of the LaPlatte River and there is no evidence of a
LaPlatte River delta population of sea lamprey at this time.

Barriers

C Technical considerations:  No sea lamprey barriers are proposed for the LaPlatte
River. The availability of suitable sea lamprey barrier sites is unknown at this time. 
The technical feasibility of the use of a sea lamprey barrier (low-head, adjustable
crest, electrical) will be investigated if sea lamprey populations expand.

Trapping

C Technical considerations:  Trapping spawning-phase sea lampreys in the LaPlatte
River is not proposed as a control option at this time.  The waterfall at river mile 3.3
in the village of Shelburne may offer a suitable trapping site.  No adult sea lamprey
trapping has been conducted, but if sea lamprey populations continue to expand, the
feasibility of trapping spawning-phase sea lamprey alone or as part of a barrier,
would be investigated.

LaPlatte River Control Strategy

Technically feasible control methods for the LaPlatte River may include TFM application,
establishing a low-head barrier and/or trapping.  Present transformer production estimates
are not available and past surveys revealed a small larval population which may be building. 
If sea lamprey populations warrant control in the future, the above strategies will be
considered further.  Of these strategies, TFM would provide the most effective control
(provided mitigation measures are developed to protect the resident endangered species)
until the other listed options can be studied for applicability.  As other control methods
become feasible for use on the LaPlatte River the sea lamprey control strategy will be
reevaluated.  The following sea lamprey control strategy is recommended:

1. If sea lamprey populations warrant control and nontarget impacts can be acceptably
mitigated, TFM would be applied below Shelburne Falls.  The time interval between treatments
would likely be four years or greater.

2.  Investigate the feasibility of constructing a sea lamprey barrier and trapping facilities.
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Figure VIII-14.

14.  Winooski River

Sea lamprey habitat

Sea lamprey have access to approximately 11.0 miles of the Winooski River which extends
from the mouth upstream to the Winooski One Hydroelectric Facility dam in the city of
Winooski, Vermont (Figure VIII-14).

Treatment history/results

The Winooski River was not included in the experimental control program because
assessments indicated few sea lamprey larvae were present at that time.
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Screening process

Estimated sea lamprey transformation

A preliminary estimate of approximately 2,300 sea lamprey transformers was made in
2000 (USFWS Essex Junction, VT unpublished data) utilizing quantitative assessment
survey techniques described in Klar and Schleen (1999).  The substantial increase in
abundance of sea lamprey in the Winooski River since the 1980's may be due to
improvements in water quality. 

TFM

C Technical considerations:  A TFM treatment of the Winooski River may be
technically feasible, but would be an expensive and demanding task.  Fall river flows
occasionally exceed 1,000 cfs and flows may be variable.  However, several
hydroelectric facilities situated upstream of the sea lamprey infested areas may
potentially be utilized to control river flow.  Control of water flow may also be used
to an advantage if flow can be increased following treatment to more rapidly flush
the chemical out of the river once treatment is complete.  A Winooski River
treatment may potentially require simultaneous treatment of Sunderland Brook if
significant sea lamprey larval abundance is found in the river below this point.  TFM
concentrations in the Winooski River below the confluence of the two streams must
be maintained for an effective treatment if warranted.  Water chemistry and dye
plume studies need to be conducted to determine proper lampricide application
procedures and to define water use advisory zones.

C Nontarget concerns:  Three Vermont-listed fish species have been found in the
Winooski River.  The endangered lake sturgeon utilizes the Winooski River for
spawning in late April through June and the channel darter (endangered) and eastern
sand darter (threatened) are known to inhabit the river.  Four Vermont-listed
endangered mussel species (fluted-shell, pink heelsplitter, fragile papershell, and
pocketbook) are found in the Winooski River as is one Vermont threatened mussel
(giant floater).  Mudpuppies are known to inhabit the Winooski River, and limited
mortality may occur.  Impacts will be mitigated by applying TFM in accordance with
the Service’s “TOP:011.0A Interim Protocol for Conducting Treatments of Streams
with Populations of Young-of-Year Lake Sturgeon (Acipenser fluvescens)” as
described in Klar and Schleen (1999).  The interim protocol should protect the
other  resident threatened and endangered species discussed above.  See Section
VII.A.1 for additional information regarding nontarget impacts and Section VII.A.2.
for mitigating measures.
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C Human impacts:  No unique impacts are anticipated.

C Habitat impacts:  No unique impacts.

C Cost:  TFM treatment of the Winooski River is estimated to cost $195,683 per
treatment or $48,921 per year based on a four-year treatment cycle.

TFM/Niclosamide

C Technical considerations:  The large size of the Winooski River makes it a candidate
for a treatment using a TFM/niclosamide combination.  The treatment would be
similar to that of a TFM application but would require an increase in application and
analysis effort associated with the addition of Bayluscide to the treatment (see
Section IV.A.2.).  Water chemistry and dye plume studies would need to be
conducted to determine treatment specifics as described in the TFM discussion. 

C Nontarget concerns:  Impacts of the TFM/niclosamide combination on nontarget
organisms, and associated mitigating measures, are similar to those for TFM (See
Sections VII.A.1. and VII.A.2.).

C Human impacts:  Human impacts would be similar to those indicated with TFM
treatments except that the duration of water use advisories may be shorter than
treatments using TFM alone, due to the overall reduction in chemical used.

C Habitat impacts:  No unique impacts.

C Cost:  A TFM/niclosamide treatment of the Winooski River is estimated to cost
$132,880 per treatment or $33,220 per year based on four-year treatment cycle.

Bayluscide 3.2% Granules

• Technical considerations:  Application of Bayluscide 3.2% granules is most
appropriate in slow-moving rivers, estuaries or lake regions (deltas).  However,
Bayluscide has been used in defined areas within the St. Mary’s River.  The St.
Mary’s River is a large riverine environment that drains Lake Superior and is nearly
ten times greater in discharge than the Winooski.  If lamprey infestations within the
river exist in specific areas within Lake Champlain backwater and they can be
demarcated, it may be possible to treat these area with Bayluscide by boat.  This
method of control would reduce the amount of chemical used, avoid treatment of
areas not inhabited by lamprey, and relieve some water use impacts.
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C Nontarget concerns:   Mortalities to nontarget fish in Bayluscide-treated areas
should be limited primarily to species which are strongly associated with the river
bottom.  Species of this nature found in the Winooski River include eastern sand
darter, tesselated darter, channel darter, logperch, and possibly juvenile sturgeon
(successful sturgeon reproduction has not been documented but adult sturgeon have
been documented in the Winooski River during their spawning period).  Among
invertebrates, mussels and snails are particularly sensitive to Bayluscide and some
mortalities would be expected.  See TFM section above for a list of mussel species
found in the Winooski River.  It may be extremely difficult to effectively treat sea
lamprey-infested areas with Bayluscide 3.2% granules without negatively impacting
Vermont threatened and endangered mussel species inhabiting the Winooski River. 
Therefore, this approach is not deemed feasible at this time.  See Section VII.A.1 for
additional information regarding nontarget impacts and Section VII.A.2. for standard
mitigating measures.

Barriers

C Technical considerations:  No new barriers are proposed for sea lamprey control on
the Winooski River.  The construction of a barrier (low-head, adjustable, or
electrical) would be cost prohibitive and have major impacts on fish movement in a
river as large as the Winooski River.

Trapping

C Technical considerations:  Trapping spawning-phase sea lamprey is not proposed as
a control option in the Winooski River.  The technical feasibility of trapping adult
sea lamprey in the Winooski River is poor.  Assessment trapping at sites in the
vicinity of the Winooski One Dam was attempted in 1998, but no adult sea lamprey
were captured. 

Winooski River Control Strategy

Technically feasible control methods for the Winooski River include TFM and
TFM/niclosamide application.  The estimated cost of applying the TFM/niclosamide
combination is approximately one third less compared to TFM application alone.  Several
sensitive, endangered and threatened species documented in the Winooski River require
mitigation measures to minimize potential nontarget impacts due to a lampricide treatment. 
As other control methods become feasible for use on the Winooski River the sea lamprey
control strategy will be reevaluated.  The following sea lamprey control strategy is
recommended:
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1.  Apply TFM or a TFM/niclosamide combination at river mile 11.0 (Winooski One Dam). 
Applications will follow the Service’s “TOP:011.0A Interim Protocol for Conducting
Treatments of Streams with Populations of Young-of-Year Lake Sturgeon (Acipenser
fluvescens)” in Klar and Schleen (1999).  Future updates to this protocol will be incorporated
into treatment procedures.  The time interval between treatments would likely be four years or
greater, based on current rates of sea lamprey transformer production.

14a.  Sunderland Brook

Sea lamprey habitat

Sea lamprey accessible habitat in Sunderland Brook extends from its confluence with the
Winooski River, 3.2 miles upstream to the falls above U.S. Route 7 in Colchester, Vermont
(see Figure VIII-14).

Treatment history/results

Sunderland Brook was not included in the experimental control program because sea
lamprey abundance was insufficient to warrant treatment with TFM.

Screening Process

Estimated sea lamprey transformation

Transformer production is highly variable in Sunderland Brook (W. Bouffard, USFWS
Essex Junction, VT, personal communication) and a summer 2000 sea lamprey larval
surveys found only one sea lamprey ammocoete.  Recent assessment trapping of spawning-
phase sea lamprey may have impacted sea lamprey production in Sunderland Brook.

TFM

C Technical considerations:  A TFM treatment of Sunderland Brook appears to be
technically feasible.  A treatment of the Winooski River may require simultaneous
treatment of Sunderland Brook to maintain TFM concentrations in the Winooski
River below their confluence if larval sea lamprey abundance warrants treatment
below this point.  Water chemistry and dye plume studies need to be conducted prior
to conducting TFM treatments.

C Nontarget concerns:  The Vermont-listed, threatened American brook lamprey
occurs in Sunderland Brook.   Any potential impacts to this species would need to be
mitigated.  See Section VII.A.1 for additional information regarding nontarget
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impacts and Section VII.A.2. for mitigating measures.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  The cost of treating Sunderland Brook is incorporated into the TFM treatment
costs of  the Winooski River.

TFM/Niclosamide

C Technical considerations:  Sunderland Brook flows are too low to warrant the
complex application of a TFM/niclosamide combination. 

Bayluscide 3.2% Granules

C Technical considerations: Application of Bayluscide 3.2% granules is inappropriate
for the riverine environment of Sunderland Brook and is not proposed for use.

Barriers

C Technical considerations:  The construction of a low-head sea lamprey barrier on
Sunderland Brook is technically feasible (Anderson, B. E. et al. 1985), but is not
being proposed as the primary method of sea lamprey control on this stream. 
However, the VTDFW has requested that a barrier be incorporated into the stream
crossing structure of a planned future highway (river mile 2.1) at Malletts Bay
Avenue.  This plan may change pending further review, and construction is dependent
upon approval and completion of the highway project.  A sea lamprey trap or site for
a PAT may be incorporated into the barrier’s design to prevent redistribution of sea
lamprey encountering the proposed barrier.  This barrier is expected to prevent
access to 100 percent of the adult sea lamprey spawning habitat. The applicability of
an electrical barrier on Sunderland Brook has not been evaluated.  An electrical
barrier is not currently proposed as other effective control measures are expected to
be less expensive and result in fewer nontarget impacts.

C Nontarget concerns:  Sunderland Brook contains the Vermont-listed threatened
American brook lamprey and mitigation may be necessary with any barrier
depending on its distribution within the stream.  See Section VII.A.1 for additional
information regarding nontarget impacts and Section VII.A.2. for mitigating
measures.
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• Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  No cost to VTDFW.

Trapping

C Technical considerations:  The Pine Island Road trapping site at approximately river
mile 1.3 has proven to be an effective spawning-phase sea lamprey assessment
trapping location.  A trap at this site isolates all the spawning habitat from migrating
adult lampreys.  In 1998, 38 sea lamprey were captured and subsequent larval
surveys found no young-of-the-year sea lamprey suggesting that trapping could be
successful in preventing spawning.  Only 10 adult lamprey were captured in 1999
and 27 in 2000.

C Nontarget concerns:  American brook lamprey are found in Sunderland Brook but
impacts of trapping to this species are expected to be negligible because they are
smaller than adult sea lamprey and can readily pass through the trap screening or can
be released alive.  See Section VII.A.1 for additional information regarding
nontarget impacts and Section VII.A.2. for mitigating measures.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost: The estimated cost of trapping on Sunderland Brook is $5,064 per year. 

Sunderland Brook Control Strategy

Technically feasible control methods for Sunderland Brook include trapping spawning-
phase sea lamprey, establishing low-head barrier and TFM application.  Of these strategies,
trapping has proven to be an inexpensive and effective means of control in Sunderland
Brook and has few associated negative impacts.  The construction of a barrier in
conjunction with the future highway is uncertain at this time but offers good potential for
control.  A simultaneous lampricide application to the lower reach of Sunderland Brook
with a treatment of the Winooski River may be necessary to prevent attenuation of the
chemical block in the Winooski River below their confluence.  As other control methods
become feasible for use on Sunderland Brook the sea lamprey control strategy will be
reevaluated.  The following sea lamprey control strategy is recommended:
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1.  Trap adult sea lamprey at Pine Island Road (river mile 1.3). 

2.  Incorporate a sea lamprey barrier into the future highway bypass at Malletts Bay Avenue
(river mile 2.1).

3.  Treat Sunderland Brook with TFM in conjunction with a Winooski River lampricide treatment
if significant sea lamprey larval abundance is found below the confluence with the Winooski
River.  The application point of such a treatment would depend on the effectiveness of trapping
and/or establishment of a barrier at eliminating sea lamprey larvae in Sunderland Brook. 
Acceptable mitigation for impacts to American brook lamprey will also be implemented.

15.  Malletts Creek

Sea lamprey habitat

Sea lamprey have access to Malletts Creek from the mouth upstream 1.7 miles to
approximately 500 feet below the falls upstream of U.S. Route 7 in Colchester, Vermont
(Figure VIII-15).

Treatment history/results

Malletts Creek was not included in the experimental control program in order to protect
the resident Vermont-listed endangered northern brook lamprey population.
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Figure VIII-15.

Screening Process

Estimated sea lamprey transformation

Transformer production estimates are not currently available.  Sea lamprey habitat
assessment and larval surveys will be conducted to assess transformer production.

TFM

C Technical considerations:  A TFM treatment of Malletts Creek appears to be
technically feasible.  Water chemistry and dye plume studies will need to be
conducted prior to conducting TFM treatments.

C Nontarget concerns:  A TFM application of Malletts Creek is not being considered
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at this time in order to protect the Vermont-listed endangered northern brook
lamprey.

TFM/Niclosamide

C Technical considerations:  Malletts Creek flows are too low to warrant the complex
application of a TFM/niclosamide combination. 

Bayluscide 3.2% Granules

C Technical considerations:  Bayluscide is not proposed for use in Malletts Creek. 
Application of this formulation is inappropriate for the riverine environment of
Malletts Creek and there is no evidence of a Malletts Creek delta population of sea
lamprey.

Barriers

C Technical considerations:  The construction of a low-head sea lamprey barrier on
Malletts Creek may be technically feasible (Anderson, B. E. et al. 1985).   A suitable
site is located 1.6 miles above the mouth and would eliminate approximately 95
percent of the sea lamprey spawning habitat.  Sea lamprey production from the
remaining portion of Malletts Creek below the barrier would be assessed and
additional control measures may be applied.  Definitive feasibility studies would be
necessary.  Studies regarding the applicability of an electrical barrier on Malletts
Creek have not been conducted and an electrical barrier is not proposed at this time.

C Nontarget concerns:  It will be necessary to assess the distribution of the Vermont-
listed endangered northern brook lamprey within the stream to provide mitigation if
a barrier is determined to significantly disrupt movements of this species.  A sea
lamprey/fish trap would be designed and built into the barrier to permit the
collection of sea lamprey while passing other fish including northern brook
lamprey.  See Section VII.A.1 for additional information regarding nontarget
impacts and Section VII.A.2. for mitigating measures.

C Human impacts:  Spring lake levels often inundate lower Malletts Creek which cause
extensive flooding.  A low-head sea lamprey barrier on Malletts Creek may cause
additional flooding to adjacent agricultural lands.  This may prevent these lands from
being utilized until water levels recede.

C Habitat impacts:  See discussion relative to flooding under human impacts section.
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C Cost:  The 1985 Malletts Creek preliminary feasibility study estimated the cost of a
low -head barrier to be approximately $69,613.  Adjusting for inflation (4 percent
per year), the estimated cost in 2000 would be $125,369.  This includes the
estimated cost of a final feasibility study, land and easement acquisition, and final
design and construction.  The estimate does not include the cost of a sea
lamprey/fish trap or the cost of operating the trap.  The estimated annual cost is
$2,507, assuming the barrier has a life expectancy of 50 years.
Trapping

C Technical considerations:  A sea lamprey barrier on Malletts Creek would provide a
suitable site for trapping spawning-phase sea lamprey during upstream.  There are no
suitable trapping sites except in conjunction with the proposed a barrier dam.

C Nontarget concerns:  Since trapping on Malletts Creek would be conducted in
association with a barrier, see nontarget concerns for barriers above. 

C Human impacts:  No unique impacts.

• Habitat impacts:  See habitat impacts associated with a barrier.

C Cost:  The estimated cost of trapping on Malletts Creek is $5,050 per year. 

Malletts Creek Control Strategy

Technically feasible control methods for Malletts Creek may include TFM application,
establishing a low-head barrier and trapping at the barrier.  Of these methods, a low-head
barrier was determined to have the fewest negative impacts.  Trapping is only feasible in
conjunction with the proposed barrier.  The presence of the endangered northern brook
lamprey precludes a TFM treatment of Malletts Creek.  As other control methods become
feasible for use on Malletts Creek the sea lamprey control strategy will be reevaluated. 
The following sea lamprey control strategy is recommended:

1.  Construct a low-head barrier dam with a trapping facility at river mile 1.6 to eliminate adult
sea lamprey access to the upstream spawning habitat, if nontarget species impacts can be
mitigated and other stream-specific barrier feasibility issues can be addressed.

2.  Trap adult spawning-phase sea lamprey at the barrier.

15a.  Indian Brook

Sea lamprey habitat
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Sea lamprey have access to Indian Brook from its confluence with Malletts Creek 2.7 miles
upstream to the falls located just below the intersection of U.S. Route 7 and Vermont
Route 127  in Colchester, Vermont (see Figure VIII-15).

Treatment history/results

Indian Brook was initially recommended for lampricide treatments as part of the
experimental control program but was withdrawn to protect the resident Vermont-listed
endangered northern brook lamprey.

Screening Process

Estimated sea lamprey transformation

Transformer production estimates are not currently available.  Sea lamprey habitat
assessment and larval surveys will be conducted to assess transformer production.

TFM

C Technical considerations:  A TFM lampricide treatment of Indian Brook appears
technically feasible.  Water chemistry and dye plume studies need to be conducted
prior to conducting TFM treatments.

C Nontarget concerns:  A TFM application of Indian Brook is not being considered at
this time in order to protect the Vermont-listed endangered northern brook lamprey.

TFM/Niclosamide

C Technical considerations:  Indian Brook flows are too low to warrant the complex
application of a TFM/niclosamide combination. 

Bayluscide 3.2% Granules

C Technical considerations:  Application of Bayluscide 3.2% granules is inappropriate
for the riverine environment of Indian Brook, and is not proposed.

Barriers

C Technical considerations:  The construction of a low-head sea lamprey barrier on
Indian Brook may be technically feasible (Anderson, B. E. et al. 1985).  A barrier
established at a site located 0.25 miles above the mouth would eliminate nearly 100
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percent of the present sea lamprey spawning habitat.  The applicability of an
electrical barrier on Indian Brook has been evaluated.

C Nontarget concerns:  It will be necessary to assess the distribution of the Vermont-
listed endangered northern brook lamprey within the stream and to determine if
mitigation is needed or possible.  A sea lamprey/fish trap would be designed and
built into a barrier which may allow the collection of sea lamprey and passage of
other fish, including northern brook lamprey.  See Section VII.A.1 for additional
information regarding nontarget impacts and Section VII.A.2. for mitigating
measures.

C Human impacts:  No unique impacts.

C Habitat impacts:  Spring lake levels often inundate lower Indian Brook causing
extensive flooding.  A low-head sea lamprey barrier on Indian Brook may cause
additional flooding. 

• Cost:  The 1985 Indian Brook preliminary feasibility study estimated the cost of this
barrier to be approximately $68,200.  Adjusting for inflation (4 percent per year)
the estimated cost in 2000 would be $122,824.  This includes the estimated cost of
a final feasibility study, land and easement acquisition, and final design and
construction.  This estimate does not include the cost of a fish trap nor the cost of
operating the lamprey trapping facility.  The estimated annual cost is $2,456,
assuming the barrier has a life expectancy of 50 years.

Trapping

C Technical considerations:  Trapping spawning-phase sea lamprey may provide
effective control of sea lamprey in Indian Brook.  Annual long-term assessment
trapping efforts have reduced the adult sea lamprey spawning run from a high of 400
sea lamprey captured in 1990 to only 3 in 1998 and 7 in 1999.  Two trapping sites
on Indian Brook (approximately river mile 0.9 and 2.4) have been utilized
successfully to capture spawning-phase sea lamprey.  The lower site is preferable as
it prevents access to lamprey spawning habitat.  This trapping site may be improved
by the construction of a permanent trap or a platform to improve the efficiency of
portable traps.  The site at river mile 2.4 is at the base of a falls which is a natural
lamprey barrier.

C Nontarget concerns:  The Vermont-listed endangered northern brook lamprey is
found in Indian Brook.  Impacts to this species from past trapping here have been
negligible because they can pass through the trap screening.  See Section VII.A.1 for
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additional information regarding nontarget impacts and Section VII.A.2. for
mitigating measures.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  The estimated cost of trapping on Indian Brook is $5,050 per year. 

Indian Brook Control Strategy

Technically feasible control methods for Indian Brook include trapping spawning-phase sea
lamprey, establishing a low-head barrier and TFM application.  Of these methods, trapping
has proven to be an effective means of control in Indian Brook and has fewer negative
impacts.  Barrier effectiveness on Indian Brook may be compromised by high spring lake
levels and would not necessarily eliminate trapping activities at the barrier site.  The
presence of the endangered northern brook lamprey precludes a TFM treatment of Indian
Brook.  As other control methods become feasible for use on Indian Brook the sea lamprey
control strategy will be reevaluated.  The following sea lamprey control strategy is
recommended:

1.  Initiate  long-term spawning-phase sea lamprey trapping for control purposes, directing most 
effort to the site near river mile 0.9 with possible construction enhancement to improve
efficiency.

2.  If trapping alone proves ineffective, then the feasibility of constructing a low-head barrier
with a trapping facility at river mile 0.25 should be investigated.

16.  Trout Brook

Sea lamprey habitat

Sea lamprey habitat extends from the mouth of Trout Brook, upstream 1.3 miles to a
waterfall in Milton, Vermont (Figure VIII-16).

Treatment history/result

The Trout Brook TFM treatment history is summarized in Table VIII-20 (Fisheries
Technical Committee 1999; Neuderfer 1995c).  The 1991 treatment was canceled due to
the inability to meet permit conditions to mitigate impacts to the Vermont-listed
endangered American brook lamprey.  The American brook lamprey mitigation plan was
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Figure VIII-16.

later modified and the 1995 treatment was successfully completed (see Section VII.A.1.g.). 
In 1995, TFM was applied to the lower 0.4 miles of the brook (Neuderfer 1995c).  No sea
lamprey have been found in surveys conducted in years following the treatment and
evidence of recolonization had not been found in the lower section of Trout Brook as of the
last evaluation in 1997.

Table VIII-21.  Trout Brook TFM treatment history and estimated sea lamprey mortality.

Year of
Treatment

River Miles
Exposed to TFM

Estimated Ammocoetes
Mortality

Estimated Transfomers
Mortality

1991 CANCELLED

1995 0.4 182 75
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Screening process

Estimated sea lamprey transformation

Trout Brook has the potential to produce at least 75 sea lamprey transformers annually in
the lower 0.4 mile of stream as determined by target mortality assessment efforts
evaluating the 1995 treatment.  Sea lamprey habitat assessment and larval surveys will be
conducted to further refine this estimate.

TFM

C Technical considerations:  A TFM treatment of Trout Brook is technically feasible. 
The 1995 experimental TFM treatment was effective and accomplished without
difficulty.

C Nontarget concerns:  In 1995, TFM was applied to only the lower 0.4 miles of Trout
Brook.  This eliminated treating over 0.8 miles of the brook that had a large
population of American brook lamprey.  Prior to this treatment, 280 American
brook lamprey were removed from the stream, held during treatment and released
after the treatment to further reduce impacts to this species.  Post-treatment surveys
revealed an observed mortality of 92 American brook lamprey.  Continued
mitigation of American brook lamprey impacts would likely be required if TFM was
used as a control method.  See Section VII.A.1 for additional information regarding
nontarget impacts and Section VII.A.2. for mitigating measures.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  TFM treatment of Trout Brook is estimated to cost $24,918 per treatment or
$6,230 per year based on a four-year treatment cycle.

TFM/Niclosamide

C Technical considerations:  Trout Brook flows are too low to warrant the complex
application of a TFM/niclosamide combination. 

Bayluscide 3.2% Granules

C Technical considerations:  Bayluscide is not proposed for use in Trout Brook or its
delta.  Application of this formulation is inappropriate for the riverine environment
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of Trout Brook, and there is no evidence of a Trout Brook delta population of sea
lamprey.

Barriers

C Technical considerations:  The construction of a low-head sea lamprey barrier on
Trout Brook may be technically feasible (Anderson, B. E. et al. 1985).  Two
potential barrier sites exist on Trout Brook.  A site 0.25 miles above the mouth of
the stream would eliminate all of the sea lamprey spawning habitat.  A second site
located approximately 0.4 miles above the mouth, at the site of a breached stone
dam, may also prove effective but no feasibility studies have been completed for this
location.  However, the landowner declined to allow a structure be built on the
property during the experimental program.  Contact should be renewed periodically
in the event that landowner reconsiders, or the property changes ownership. 
Specific studies regarding the applicability of an electrical barrier on Trout Brook
have not been conducted but expected impacts (other than the increase potential for
flooding) would be similar to other barriers when the barrier is activated.  An
electrical barrier is not proposed for Trout Brook as other control measures are
expected to be less costly and have fewer nontarget impacts.

C Nontarget concerns:  It will be necessary to assess the distribution of the Vermont-
listed, threatened American brook lamprey within the stream and provide mitigation
if needed.  A sea lamprey/fish trap would be built into the barrier to prevent
redistribution of sea lamprey encountering the barrier to other locations and provide
passage for other fish possibly including the American brook lamprey.  See Section
VII.A.1 for additional information regarding nontarget impacts and Section VII.A.2.
for mitigating measures.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  The 1985 Trout Brook preliminary feasibility study estimated the cost of a
barrier to be approximately $52,310.  Adjusting for inflation (4 percent per year),
the estimated cost in 2000 would be $94,207.  This includes the estimated cost of a
final feasibility study, land and easement acquisition, and final design and
construction.  This estimate does not include the cost of a fish trap or the cost of
tending the lamprey trapping facility.  The estimated annual cost is $1,884, assuming
the barrier has a life expectancy of 50 years.
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Trapping

C Technical considerations:  Trapping spawning-phase sea lamprey in Trout Brook
appears technically feasible.  Effective sea lamprey control on Trout brook may be
achieved by a lamprey trapping program alone.  Trout Brook has potential trapping
sites near the mouth, at an old dam site (approximately river mile  0.4), and at
Cadreact Road ( river mile 1.3) in Milton.  The lowest site would be preferred but
this site may be affected by high spring lake levels making effective trapping
difficult there.

C Nontarget impacts:  Trapping impacts to the American brook lamprey will be
negligible because they can pass through the trap screening, or can be released alive.
 See Section VII.A.1 for additional information regarding nontarget impacts and
Section VII.A.2. for mitigating measures.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  The estimated cost of trapping on Trout Brook is $5,193 per year. 

Trout Brook Control Strategy

Technically feasible control methods for Trout Brook include trapping spawning-phase sea
lamprey, establishing a low-head barrier and TFM application.  Of these methods, trapping
may provide effective control and has the fewest negative impacts.  Lack of landowner
consent prevents further barrier dam investigations at this time.  TFM application would
require mitigation to minimize impacts to the American brook lamprey.  As other control
methods become feasible for use on Trout Brook the sea lamprey control strategy will be
reevaluated.  The following sea lamprey control strategy is recommended:

1.  Initiate long-term spawning-phase sea lamprey trapping for control purposes, directing
efforts to the mouth and river mile 0.4 sites.

2.  If trapping alone proves to be ineffective and there is landowner consent, construct a sea
lamprey barrier with trapping facility.

3.  Apply TFM, with acceptable mitigation for impacts to American brook lamprey.  The time
interval between treatments would likely be four years or greater, based on current rates of sea
lamprey transformer production.
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17.  Stone Bridge Brook

Sea lamprey habitat

Sea lamprey have access to Stone Bridge Brook from the mouth 2.7 miles upstream to a
small waterfall near Lake Road in Milton, Vermont (Figure VIII-17).

Treatment history/results

The Stone Bridge Brook TFM treatment history is summarized in Table VIII-21 (Fisheries
Technical Committee 1999; Steinbach 1991b).  In 1991, a total of  2.9 miles of Stone
Bridge Brook was treated with TFM.  The primary application occurred at the Lake Road
crossing in Milton, Vermont.  A second simultaneous application occurred at the outlet of
an in-stream pond at river mile 2.1 due to concerns that the chemical would significantly
attenuate within the pond and greatly extend the time to complete the treatment.  The TFM
block within the pond behaved as predicted (Steinbach 1991b).  A boost was also conducted
at river mile 1.2 (Everest Road crossing).  The scheduled 1995 treatment was cancelled
because sea lamprey recolonization was insufficient to warrant treatment at the scheduled
time.  No evidence of recolonization was found during the last evaluation in 1997.
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Figure VIII-17.

Table VIII-22.  Stone Bridge Brook TFM treatment history and estimated sea lamprey mortality.

Year of
Treatment

River Miles
Exposed to TFM

Estimated Ammocoete
Mortality

Estimated Transformer
Mortality

1991 2.9 268 277

1995 CANCELLED
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Screening process

Estimated sea lamprey transformation

Stone Bridge Brook has the potential to produce at least 275 sea lamprey transformers
annually as determined by target mortality assessment efforts evaluating the 1991
treatment.  Since the initial TFM treatment, there has been no indication that transformers
are being produced, possibly due to effective trapping of spawning-phase sea lamprey
during spawning run assessments.  Sea lamprey habitat assessment and larval surveys will be
conducted to continue to assess lamprey populations in Stone Bridge Brook.

TFM

C Technical considerations:  A TFM treatment of Stone Bridge Brook is technically
feasible.  The 1991 experimental TFM treatment was effective and accomplished
without difficulty.

• Nontarget concerns: The cylindrical papershell, a Vermont-listed endangered
mussel, occure in Stone Bridge Brook and its delta.  No endangered or threatened
fish species are known to be present in Stone Bridge Brook.  Silver lamprey are
present, however, and are sensitive to TFM.  Toxicity testing to determine the effect
of TFM on the cylindrical papershell should be conducted prior to implementation
of any treatment.  Application of TFM at concentrations at or below the no observed
effect concentration should mitigate potential impactes to this endangered species. 
See Section VII.A.1 for additional information regarding nontarget impacts and
Section VII.A.2. for mitigating measures.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  TFM treatment of Stone Bridge Brook is estimated to cost $27,906 per
treatment or $6,977 per year based on a four-year treatment cycle.

TFM/Niclosamide

C Technical considerations:  Stone Bridge Brook flows are too low to warrant the
complex application of a TFM/niclosamide combination. 
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Bayluscide 3.2% Granules

C Technical considerations:  Bayluscide is not proposed for use in Stone Bridge
Brook or delta.  Application of Bayluscide 3.2% granules is inappropriate for the
riverine environment of Stone Bridge Brook.  There is no known delta population of
sea lamprey.

Barriers

C Technical considerations:  The construction of a low-head sea lamprey barrier on
Stone Bridge Brook is technically feasible (Staats 1993, Anderson, B. E. et al.
1985).   A suitable site exists 0.25 miles above the mouth and establishing a barrier
at this location would eliminate approximately 95 percent of the present sea
lamprey spawning habitat.  The applicability of an electrical barrier on Stone Bridge
Brook has not been evaluated, but expected impacts (other than the increase
potential for flooding) would be similar to other barriers when the barrier is
activated.  An electrical barrier is not proposed because other effective control
measures are expected to be less costly and have fewer nontarget impacts.

C Nontarget concerns:  No endangered or threatened fish species are present in Stone
Bridge Brook.  A fish ladder to facilitate passage of jumping fish (i.e. salmonids)
and a trap to facilitate the collection of sea lamprey and allow passage of other non-
leaping fish, was originally incorporated into the 1993 barrier design.  See Section
VII.A.1 for additional information regarding nontarget impacts and Section VII.A.2.
for mitigating measures.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  The 1993 Stone Bridge Brook feasibility study estimated the cost of a barrier
to be approximately $100,576.  Adjusting for inflation (4 percent per year), the
estimated cost in 2000 would be $132,351.  This cost projection includes the cost
of a final feasibility study, land and easement acquisition, and final design and
construction.  This estimate does not include the cost of tending the trapping
facility.  The estimated annual cost is $2,647, assuming the barrier has a life
expectancy of 50 years.

Trapping

C Technical considerations:  Effective sea lamprey control in Stone Bridge Brook may
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be achieved through a spawning-phase sea lamprey trapping program.  After the 1991
TFM treatment, spawning-phase assessment trapping efforts at river miles 0.25 and
1.7 have been successful capturing spawning-phase lampreys and preventing sea
lamprey recolonization of the stream at least through 1997 (W. Bouffard, USFWS
Essex Junction, VT, personal communication)

C Nontarget concerns: No unique impacts.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  The estimated cost of trapping on Stone Bridge Brook is $5,265 per year. 

Stone Bridge Brook Control Strategy

Technically feasible control methods for Stone Bridge Brook include trapping spawning-
phase sea lamprey, establishing a low-head barrier and TFM application.  Of these methods,
trapping may provide effective control, with the fewest negative impacts.  A barrier on
Stone Bridge Brook would not eliminate trapping activities at the barrier site.  The presence
of silver lamprey and the Vermont-listed cylindrical papershell may require mitigation to
minimize potential impacts from both the barrier and TFM treatments.  The estimated cost
of trapping is approximately $1,500 less annually compared to a TFM treatment.  As other
control methods become feasible for use on Stone Bridge Brook the sea lamprey control
strategy will be reevaluated.  The following sea lamprey control strategy is recommended:

1.  Initiate long-term spawning-phase sea lamprey trapping for control purposes, directing
efforts to the river mile 0.25 site.

2.  Construct a low-head sea lamprey barrier with trapping facility at river mile 0.25 should
trapping alone prove ineffective.

3.  Apply TFM at river mile 2.9 if the first two actions prove ineffective.  Target treatment
concentrations will be less than or equal to levels shown not to cause mortality to resident
Vermont-listed endangered cylindrical papershell.  The time interval between treatments would
likely be four years or greater, based on current rates of sea lamprey transformer production.
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Figure VIII-18.

18.  Missisquoi River

Sea lamprey habitat

Sea lamprey have access to approximately 8.0 miles of the Missisquoi River to the Swanton
Dam in Swanton, Vermont (Figure VIII-18). 

Treatment history/results

The Missisquoi River was not included in the experimental control program because sea
lamprey assessments indicated larval abundance was too low to warrant TFM treatment
there.
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Screening process

Estimated sea lamprey transformation

Transformer production estimates are not currently available.   Sea lamprey habitat
assessment and larval surveys will be conducted to assess lamprey populations in the
Missisquoi River .

TFM

C Technical considerations:  TFM treatment of the Missisquoi River may be
technically feasible.  Fall river flows occasionally exceed 1,000 cfs.  Two
hydroelectric facilities upstream of the sea lamprey infested areas might be utilized
to stabilize river flow.  River flows of this magnitude may restrict the timing of a
treatment because of the high cost and amount of chemical needed to treat at such
flows.  Water chemistry and dye plume studies will need to be completed to
determine proper lampricide application procedures and to define water use
advisory zones. 

C Nontarget concerns:  The Vermont-listed endangered lake sturgeon is known to
utilize the Missisquoi River for spawning and the Vermont-listed threatened eastern
sand darter inhabits the lower Missisquoi River.  The Missisquoi River contains six
mussel species listed in Vermont (endangered: black sandshell, pocketbook, fragile
papershell,  pink heelsplitter and cylindrical papershell; threatened: giant floater). 
Impacts to lake sturgeon will be mitigated by applying TFM in accordance with the
Service’s “TOP:011.0A Interim Protocol for Conducting Treatments of Streams
with Populations of Young-of-Year Lake Sturgeon (Acipenser fluvescens)” as
described in Klar and Schleen (1999). The interim protocol should also protect the
other threatened and endangered species discussed above.  See Section VII.A.1 for
additional information regarding nontarget impacts and Section VII.A.2. for
mitigating measures.

C Human impacts:  A TFM application may potentially impact the Philipsburg, Quebec
municipal water supply and private intakes in Mississquoi Bay (Table VII-1).  Prior
to any proposed treatment, dye plume studies will be necessary to clarify the
potential for impacts.  Installation of carbon filters may be necessary to remove
lampricide from drinking water (see Section VII.A.2.).

C Habitat impacts:  The lower most portion of the Missisquoi River passes through the
Missisquoi National Wildlife Refuge but no significant impacts are anticipated.
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C Cost:  TFM treatment of the Missisquoi River is estimated to cost $176,318 per
treatment or $44,080 per year based on a four-year treatment cycle.

TFM/Niclosamide

C Technical considerations:  The larger size of the Missisquoi River makes it a
candidate for treatment with a TFM/niclosamide combination.  The treatment would
be similar to that of a TFM application but would require an increase in application
and analysis efforts associated with the addition of Bayluscide to the treatment (see
Section IV.A.2.).  Water chemistry and dye plume studies would be necessary to
determine treatment specifics as described in the TFM discussion. 

C Nontarget concerns:  Impacts of the TFM/niclosamide combination on nontarget
organisms, and associated mitigating measures, are similar to those for TFM (See
Sections VII.A.1. and VII.A.2.).

C Human impacts:  Human impacts would be similar to those indicated with TFM
treatments except that the duration of water use advisories may be shorter than
treatments with TFM alone, due to an overall reduction in the amount of chemical
used.

C Habitat impacts:  No unique impacts.

C Cost:  TFM/niclosamide treatment of the Missisquoi River is estimated to cost
$120,694 per treatment or $30,174 per year based on a four-year treatment cycle.

Bayluscide 3.2% Granules

C Technical considerations:  Application of Bayluscide 3.2% granules is most
frequently used in estuaries or lake regions (deltas).  However, Bayluscide has been
used in defined areas of the St. Mary’s River.  The St. Mary’s River is a large
riverine environment draining Lake Superior and is nearly ten times greater in
discharge than the Mississquoi River.  If lamprey infestations within the river exist
in specific areas within the Lake Champlain backwater and they can be demarcated, it
may be possible to treat these areas with Bayluscide by boat.  This method of
control would eliminate treating areas not inhabited by lamprey, potentially reducing
nontarget impacts and reducing water user impacts.

C Nontarget concerns:  Mortalities to nontarget fish in Bayluscide-treated areas
should be limited primarily to species which are strongly associated with the river
bottom.  Species of this nature found in the Missisquoi River may include eastern
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sand darter, tesselated darter, logperch, and juvenile lake sturgeon.  Successful
sturgeon reproduction has not been documented in the Missisquoi River but
sturgeon spawning has been documented.  Mussels and snails are particularly
sensitive to Bayluscide and some mortalities would be expected.  The Vermont-
listed black sandshell, pocketbook, fragile papershell, pink heelsplitter, cylindrical
papershell (all endangered) and the giant floater (threatened) may be adversely
impacted from Bayluscide treatments.  It will be difficult to effectively treat sea
lamprey-infested areas of the Missisquoi River with granular Bayluscide without
negatively impacting Vermont threatened and endangered mussel species. 
Therefore, this approach is not deemed feasible at this time.  See Section VII.A.1 for
additional information regarding nontarget impacts and Section VII.A.2. for
mitigating measures.

Barriers

C Technical considerations:  The Swanton Dam acts as a barrier to sea lamprey
movement further up the Missisquoi River system.  This barrier prevents sea
lamprey access to an additional 8 miles of suitable habitat in the Missisquoi River
and several miles of suitable habitat in two tributaries.  The effectiveness of the dam
in Swanton as a sea lamprey barrier should be maintained.  The abandoned millrace
on the west side of the dam should be inspected for barrier effectiveness.  Presently,
some leakage does exist around the deteriorating stop-logs at the head of the
millrace that may, if not maintained, allow sea lamprey access to eight miles of the
river and two tributaries above the dam.  No other barriers are proposed for the
Missisquoi River.

C Nontarget concerns:  No unique impacts.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  No cost estimate.

Trapping

C Technical feasibility:  Trapping spawning-phase sea lamprey in the Missisquoi River
at the Swanton Dam may be technically feasible but would not provide an effective
control option due to the large size of the river.  A trapping site on the east side of
the dam is easily accessible for the purpose of installing and operating a portable
assessment trap.  Establishing a permanent assessment trap here may be
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advantageous.  In 1998, 36 spawning-phase sea lampreys were captured at this site. 
Trapping may provide a supplemental technique for lamprey control in the
Missisquoi River. 

C Nontarget concerns:  No unique impacts.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  The estimated cost of trapping on the Missisquoi River is $5,522 per year. 

Missisquoi River Control Strategy

Technically feasible control methods for the Missisquoi River include barrier maintenance,
trapping spawning-phase sea lamprey, and TFM and TFM/niclosamide application.  The
Swanton Dam would be maintained as a barrier to sea lamprey and trapping at the dam would
continue.  Present transformer production estimates are not available.  Should future
surveys reveal a need for additional control, lampricide treatments will be considered. 
Several endangered and threatened species documented in the Missisquoi River require
mitigation measures to minimize potential nontarget impacts due to a lampricide treatment. 
As other control methods become feasible for use on the Mississquoi River the sea
lamprey control strategy will be reevaluated.  The following sea lamprey control strategy is
recommended:

1.  Maintain the Swanton Dam as a sea lamprey barrier.

2.  Apply TFM or a TFM/niclosamide combination at river mile 8.0 (Swanton Dam) if sea
lamprey populations warrant control.  Applications will follow the Service’s “TOP:011.0A
Interim Protocol for Conducting Treatments of Streams with Populations of Young-of-
Year Lake Sturgeon (Acipenser fluvescens)” in Klar and Schleen (1999).  The time interval
between treatments would likely be four years or greater, based on current rates of sea lamprey
transformer production.

3.  Trap spawning-phase sea lamprey at the Swanton Dam as a supplement to control with
lampricides. 
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19.  Youngman Brook

Sea lamprey habitat

Sea lamprey have access to approximately 1.1 miles of Youngman Brook to just east of
Interstate 89 in Highgate, Vermont (see Figure VIII-18).

Treatment history/results

Youngman Brook was not included in the experimental control program because sea
lamprey larval abundance was too low to warrant a TFM treatment and to prevent possible
impacts to resident American brook lamprey listed as threatened in Vermont.

Screening process

Estimated sea lamprey transformation

Transformer production estimates are not currently available.  Sea lamprey habitat
assessment and larval surveys will be conducted to assess transformer production. 

TFM

C Technical considerations:  A TFM lampricide treatment of Youngman Brook appears
to be technically feasible.   Water chemistry and dye plume studies may be needed
prior to conducting TFM treatments.

C Nontarget concerns:  The Vermont-listed threatened American brook lamprey is
present in Youngman Brook.  This species would be adversely impacted by TFM, but
mitigation actions similar to those conducted on Trout Brook may be possible.  See
Section VII.A.1 for additional information regarding nontarget impacts and Section
VII.A.2. for mitigating measures.

C Human impacts:  A TFM application may potentially impact the Philipsburg, Quebec
municipal water supply and other private water intakes in Missisquoi Bay.  Prior to
any proposed treatment, water chemistry and dye plume studies are necessary to
clarify the potential for impacts.  If dye studies predict that the Philipsburg water
intake will be exposed to TFM, mitigation may require the installation of activated
carbon filters to remove lampricide from the drinking water (see Section VII.A.2).

C Habitat impacts:  No unique impacts.
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C Cost:  TFM treatment of Youngman Brook is estimated to cost $25,611 per
treatment or $6,403 per year based on a four-year treatment cycle.

TFM/Niclosamide

C Technical considerations:  Youngman Brook flows are too low to warrant the
complex application of a TFM/niclosamide combination. 

Bayluscide 3.2% Granules

C Technical considerations:  Bayluscide is not proposed for use in Youngman Brook. 
Application of Bayluscide 3.2% granules is inappropriate for the riverine
environment of Youngman Brook.  There is no evidence of a Youngman Brook delta
population of sea lamprey.

Barriers

C Technical considerations:  The construction of a low-head sea lamprey barrier on
Youngman Brook may be technically feasible (Anderson, B. E. et al. 1985).  An
acceptable barrier site is located at river mile 0.7 at the site of an existing U.S.
Route 7 highway culvert in Highgate.  A barrier here has the potential to eliminate
90 percent of the present spawning habitat and 2,000 feet of available larval habitat. 
Sea lamprey production from the remaining portion of Youngman Brook below the
barrier, would still require assessment and possible additional control measures. 
The applicability of an electrical barrier on Youngman Brook has not been evaluated
but impacts similar to those from a low head barrier would be expected when an
electrical barrier is activated.  An electrical barrier is not proposed because other
effective control measures suggested for Youngman Brook are expected to be less
costly and have fewer nontarget impacts.

C Nontarget concerns:  Youngman Brook supports a population of American brook
lamprey, listed as threatened in Vermont.  It will be necessary to assess the
distribution of this lamprey within the stream and provide mitigation if necessary.  A
sea lamprey/fish trap would be incorporated into the barrier preventing
redistribution of sea lamprey to other locations and allow passage of other fish.  See
Section VII.A.1 for additional information regarding nontarget impacts and Section
VII.A.2. for mitigating measures.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.
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C Cost:  The 1985 Youngman Brook preliminary feasibility study estimated the cost
of a barrier to be approximately $96,610.  Adjusting for inflation (4 percent per
year) the estimated cost in 2000 would be $173,989.  This includes the estimated
cost of a final feasibility study, land and easement acquisition, and final design and
construction.  This estimate does not include the cost of a trapping facility or the
cost of operating a trap if included.  The estimated annual cost is $3,480, assuming
the barrier has a life expectancy of 50 years.

Trapping

C Technical considerations:  Trapping spawning-phase sea lamprey in Youngman
Brook may be technically feasible.  A suitable trapping site at the Interstate 89
highway culvert is downstream from 90 percent of the available spawning habitat.  A
trapping facility could be incorporated into a barrier dam if constructed at this site
(see barrier section).

C Nontarget concerns:  American brook lamprey are found in Youngman Brook, but
trapping impacts to this species will be negligible because they can pass through the
trap screening, or be released alive.  If trapping is proposed at the barrier, then
impacts to American brook lamprey would be assessed and mitigated if necessary. 
See Section VII.A.1 for additional information regarding nontarget impacts and
Section VII.A.2. for mitigating measures.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  The estimated cost of trapping on Youngman Brook is $5,522 per year. 

Youngman Brook Control Strategy

Technically feasible control methods for Youngman Brook include trapping spawning-
phase sea lamprey, establishing a low-head barrier and TFM application.  Trapping may be
an effective means of control in Youngman Brook and is determined to have the fewest
negative impacts.  The construction of a barrier in conjunction with an existing highway
culvert offers potential for control but may not eliminate the need for trapping at the
barrier site.  TFM treatments require mitigation measures to minimize impacts to the
American brook lamprey.  As other control methods become feasible for use on Youngman
Brook the sea lamprey control strategy will be reevaluated.  The following sea lamprey
control strategy is recommended:
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1.  Initiate long-term spawning-phase sea lamprey trapping for control purposes at the Interstate
89 highway culvert.

2.  Should trapping alone prove ineffective, then the feasibility of constructing a low-head sea
lamprey barrier with trapping facility at river mile 0.7 (US Route 7 highway culvert ) should be
investigated.

3.  Apply TFM with acceptable mitigation for impacts to American brook lamprey, at river mile
1.1 if the first two options prove ineffective.  The time interval between treatments would likely
be four years or greater, based on current rates of sea lamprey transformer production.

20.  Pike River

Sea lamprey habitat

Sea lamprey have access to 8.2 miles of the Pike River to the dam at Notre-Dame-de-
Stanbridge, Quebec (Figure VIII-20).  The dam is thought to be a barrier to upstream
movement of sea lamprey.  However, cracks in the structure may be compromising the
dam’s effectiveness as a barrier (W. Bouffard, USFWS Essex Junction, VT, personal
communication).



338

Figure VIII-19.

Treatment history/results

The Pike River was not included in the experimental control program because water quality
studies revealed water chemistry conditions (low dissolved oxygen and large pH
fluctuations) problematic for TFM treatment.  The Pike River’s location in Canada also
precluded consideration for experimental control.  

Screening process

Estimated sea lamprey transformation

Dean and Zerrenner (in review) estimated transformer production for the 5.3 miles of the
wadeable waters of the Pike River below the dam at 2,264 individuals in 1999.
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TFM

C Technical considerations:  A TFM treatment of the Pike River is technically feasible
(Walrath and Swiney in review).   However, relatively large pH fluctuations resulting
from extensive aquatic vegetation beds which grow throughout the lower reaches of
the river during the summer and early fall, present a potential challenge for
maintaining an effective and safe range of toxicity.  Treating the Pike River in the
early spring, before major growth of aquatic vegetation, may reduce the magnitude
of diurnal pH fluctuations encountered, thereby minimizing associated fluctuations
in TFM toxicity.  Applying TFM at the dam at Notre-Dame-de-Stanbridge would
result in the treatment of all sea lamprey larval habitat in the Pike River and would
allow rapid mixing of TFM within the river.  Since the Pike River/Morpion Stream
(see Morpion Stream below) confluence is approximately 325 feet below the dam, a
simultaneous application to Morpion Stream would be required to maintain the
desired treatment concentration.  Additional water chemistry and dye plume studies
would be conducted to determine lampricide transport and define water use advisory
zones. 

C Nontarget concerns:  Cisco are presently listed as susceptible in Quebec, and were
reported to be collected in the Pike River.  Cisco are primarily a lake dwelling
species and only transient individuals would be expected to occur in the river itself. 
A TFM treatment on the Pike River would likely result in mortality of American
brook lamprey, silver lamprey, stonecats and logperch.  These species are relatively
sensitive to TFM and mortalities have been documented during previous Lake
Champlain TFM treatments (Fisheries Technical Committee 1999).  In addition, the
area between Notre-Dame-de-Stanbridge and Saint Pierre de Véronne à Pike River
has been designated as a fish sanctuary to preserve fish spawning activities, and
angling regulations are more restrictive than in other sections of the Pike River.  
Since water chemistry concerns suggest a spring TFM treatment may be most
appropriate for the Pike River, amphibians may also be affected.  Frogs and toads
will utilize quiet, shallow portions of the river to breed and larvae are somewhat
sensitive to TFM.   Spring peepers, bullfrog, northern leapord frog, gray tree frog,
and American toad are known to inhabit the Pike River (Gratton 1995).  See Section
VII.A.1 for additional information regarding nontarget impacts and Section VII.A.2.
for mitigating measures.

C Human impacts:  A TFM application on the Pike River may impact the Philipsburg,
Quebec municipal water intake.  A Pike River dye study conducted on September 12,
1989 revealed the potential for Pike River water to be drawn into the Philipsburg
municipal water treatment facility (NYSDEC, Avon, New York, unpublished data). 
Additional water chemistry and dye plume studies should be conducted to determine
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treatment specifics.  Installation of an activated carbon filter will mitigate exposure
of the Phillipsburgh water intake to TFM, if exposure is expected.

C Habitat impacts:  No unique impacts.
• Cost:  TFM treatment of the Pike River is estimated to cost approximately

$168,818 per treatment or $42,205 per year assuming a four-year treatment cycle. 
This cost includes a simultaneous TFM treatment of Morpion Stream (see Morpion
Stream).  

TFM/Niclosamide

C Technical considerations:  As with TFM, a TFM/niclosamide combination treatment
of the Pike River may be desirable during the spring to avoid substantial diurnal pH
fluctuations.  Mean flow of the Pike River in the month of May averages 210 cfs,
and is sufficient to realize a cost advantage using TFM/niclosamide application
(Walrath and Swiney in review).  Since the Pike River/Morpion Stream (see
Morpion Stream below) confluence is approximately 325 feet below the dam, a
simultaneous TFM application to Morpion Stream may be required to maintain the
desired lampricide concentrations.  Water chemistry and dye plume studies would
need to be conducted to determine treatment specifics.

C Nontarget concerns:  Impacts of the TFM/niclosamide combination on nontarget
organisms, and associated mitigating measures, are similar to those for TFM (See
Sections VII.A.1. and VII.A.2.).

C Human impacts:  Human impacts would be similar to those indicated with a TFM
treatment except that the extent and duration of water use advisories may be shorter
than with treatments using TFM alone, due to the overall reduction in chemical used. 
This may reduce the potential for impacts to the Philipsburg water supply.

C Habitat impacts:  No unique impacts.

C Cost:  TFM/niclosamide treatment of the Pike River is estimated to cost
approximately $106,223 per treatment or $26,556 per year based on a four-year
treatment cycle.  This cost includes a simultaneous TFM treatment of Morpion
Stream (see Morpion Stream)

Bayluscide 3.2% Granules

C Technical considerations:  Bayluscide is not proposed for use in the Pike River or
its delta.  Application of this formulation is inappropriate for the riverine
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environment of the Pike River.  There is also no evidence of a Pike River delta
population of sea lamprey at this time.

Barriers

Construction of a barrier by U.S. Federal or state agencies in Canada presents unique
institutional challenges.  Unless there is a mutual interest, U.S. agencies cannot
expend government funds for constructing facilities on another nation's soil. In the
case of sea lamprey control in the Pike River and its tributaries, there may be a
mutual interest among the jurisdictions.  It will be necessary for the Lake Champlain
Fish and Wildlife Management Cooperative, Department of Fisheries and Oceans,
Canada and the Quebec Ministere de l'Environement et de la Faune to develop an
international cooperative agreement for construction and management of a barrier.

C Technical considerations:  The construction of an adjustable crest barrier may be
technically feasible directly below the Route 133 bridge (Walrath and Swiney in
review).  At this location the river has an approximate drop of 1 foot over 250 feet,
and thus, may avoid the creation of a large impoundment.  One concern with this
location is the possibility that the decrease in flow above the barrier may result in
the formation of ice jams upstream from the Route 133 bridge.  An adjustable crest
barrier rather than a low-head barrier, may reduce the possibility of ice jams
forming since the barrier would be lowered except during the spring sea lamprey
spawning migrational period.  Hydrologic studies must be completed to address this
concern.  As with the adjustable crest barrier, the Route 133 bridge appears to be the
most appropriate location for an electrical barrier on the Pike River (Walrath and
Swiney in review).  The placement of a barrier at the Route 133 bridge would
restrict sea lamprey to all but 0.5 miles of wadeable river.  Though not extensive, sea
lamprey will still have a small amount of spawning habitat available directly below
the Route 133 bridge (Dean and Zerrenner, in review).  This spawning habitat may
allow for the production of a substantial number of sea lamprey and additional sea
lamprey control measures (i.e. trapping, chemical control) may be needed below the
barrier.  A barrier in the vicinity of the Route 133 bridge would eliminate any need
for control on Morpion Stream (see below).

C Nontarget concerns:  A barrier can not be proposed at this time on the Pike River do
to unavoidable impacts to important migratory fish populations.  Without effective
fish passage, a barrier would block spawning migrations of several species including
walleye and smallmouth bass which are of particular concern to local anglers. 
Allowing passage of  nontarget species over any barrier would be essential to
mitigate impacts to migratory fish species.  The efficiency of a fish passage facility
incorporated into a sea lamprey barrier on the Pike River is uncertain.  Other lake
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species that utilize the Pike River for spawning are likely to be impacted by a barrier
include white sucker, greater redhorse, silver redhorse, shorthead redhorse, and
quillback.  The river section directly above the Route 133 bridge is designated a fish
spawning sanctuary and has fishing restrictions imposed.

Trapping

C Technical considerations:  Trapping spawning-phase sea lamprey alone as the
method for sea lamprey control in the Pike River is not technically feasible
(Walrath and Swiney in review).  The Service installed a PAT at the dam at Notre-
Dame-de-Stanbridge and two fyke nets at the Route 133 bridge as an assessment
tool during the 2000 spawning run.  The results of this trapping effort suggest that
while the trapping was effective as an assessment tool (39 individuals caught at the
dam and 18 individuals at the Route 133 bridge), it would not collect enough sea
lamprey to adequately reduce spawning potential, furthermore, trapping spawning-
phase sea lamprey at the dam at Notre-Dame-de-Stanbridge allows lamprey that are
not captured to utilize available spawning habitat below this location.  Other sea
lamprey control measures (i.e. chemical control) may still be required in addition to
trapping.  

Pike River Control Strategy

Technically feasible control methods for the Pike River include TFM and TFM/niclosamide
application, and establishing a low-head or electrical barrier.  Of these methods, a
lampricide treatment was determined to have the fewest negative impacts.  Several sensitive
species documented in the Pike River require mitigation to minimize potential nontarget
impacts due to a lampricide treatment.  Establishment of an effective fish passage facility
in conjunction with a sea lamprey barrier (low-head or electrical) is uncertain at this time
and such a barrier does not eliminate the potential need for additional control measures
below the barrier.  As other control methods become feasible for use on the Pike River the
sea lamprey control strategy will be reevaluated.  The following sea lamprey control
strategy is recommended:

1.  Apply TFM or a TFM/niclosamide combination at the dam (river mile 8.2) in Notre-Dame-de-
Stanbridge, Quebec.  The time interval between treatments would likely be four years or greater,
based on current rates of sea lamprey transformer production. This interval may be adjusted
should sea lamprey surveys indicate either slow recolonization or early metamorphosis.
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20a.  Morpion Stream

Sea lamprey habitat

Sea lamprey migration is unimpeded in Morpion Stream and access is available to all 17.1
miles of the stream (see Figure VIII-19).  Morpion Stream enters the Pike River just
downstream of the dam at Notre-Dame-de-Stanbridge, Quebec, Canada.  Sea lamprey have
been documented in one tributary to Morpion Stream, Barabe’-Santerre, while others have
not been surveyed. 

Treatment history/results

No sea lamprey control efforts have been conducted to date.

Screening process

Estimate of sea lamprey transformation

Dean and Zerrenner (in review) estimated transformer production for the wadeable waters
of Morpion Stream at 1,863 individuals in 1999.

TFM

C Technical considerations:  A TFM treatment of Morpion Stream may be technically
feasible but would be a demanding process.  Treatment of all available larval habitat
in Morpion Stream would require exposure of the entire stream to TFM.  The
contribution of lamprey to Morpion Stream by Barabe’-Santerre may or may not be
substantial enough to require this stream to be included in a treatment.  Additional
application points would be necessary to maintain the desired treatment
concentrations for the entire stream length due to numerous  water inputs (including
Barabe’- Santerre, numerous agricultural drainage ditches and ground water sources)
that increase the flow as it progresses downstream and the attenuation due to
sediment adsorption, etc.  TFM bars may be used in the mouths of small tributaries
of Morpion Steam as a way to maintain the desired treatment concentrations.  While
Morpion Stream may be treated simultaneously with the Pike River, which is
recommended, it may also be treated separately.  Treatment of Morpion Stream
would require considerable staff resources because of the need to conduct
lampricide applications on numerous small tributaries.  Water chemistry and dye
plume studies need to be conducted to determine treatment specifics.

C Nontarget concerns:  Silver and American brook lamprey have been documented in
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Morpion Stream and may suffer mortality as a result of a TFM treatment.  Additional
impacts are described in the Pike River TFM nontarget concerns section.  See
Section VII.A.1 for additional information regarding nontarget impacts and Section
VII.A.2. for mitigating measures.

C Human impacts:  A TFM treatment on Morpion Stream would have similar human
impacts as in a Pike River treatment.  If treated separately from the Pike River,
however, the volume of TFM used would be much smaller, reducing the likelihood
that the plume would reach to the Philipsburg municipal water intake.

C Habitat impacts:  No unique impacts.

C Cost:  TFM treatment of Morpion Stream is estimated to cost $35,493 per
treatment or $8,873 per year based on a four-year treatment cycle.

TFM/Niclosamide

C Technical considerations:  Morpion Stream flows are too low to warrant the
complex application of a TFM/niclosamide combination. 

Bayluscide 3.2% Granules

C Technical considerations:  Application of Bayluscide 3.2% granules is inappropriate
for the riverine environment of Morpion Stream.

Barriers

Construction of a barrier by U.S. Federal or state agencies in Canada presents unique
institutional challenges.  Unless there is a mutual interest, U.S. agencies cannot
expend government funds for constructing facilities on another nation's soil.  In the
case of sea lamprey control in the Pike River and its tributaries, there may be a
mutual interest among the jurisdictions.  It will be necessary for the Lake Champlain
Fish and Wildlife Management Cooperative, Department of Fisheries and Oceans,
Canada and the Quebec Ministere de l'Environement et de la Faune to develop an
international cooperative agreement for construction and management of a barrier.

C Technical considerations:  The construction of a low-head barrier on Morpion
Stream may be technically feasible.  A preliminary survey of Morpion Stream has
identified an area which may be appropriate for the installation of a low-head barrier
dam (Guilmette 1997).  The location, approximately 490 feet upstream of the first
bridge crossing at river mile 0.12, appears to be far enough upstream to avoid any
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effects associated with high flows on the Pike River (Guilmette 1997).  Guilmette
suggested, however, that the low stream grade may cause flooding as far upstream as
the next bridge (approximately 3 miles).  Topographic surveys and hydrological
analysis will be required to determine the extent of possible impacts.  To mitigate
concerns of flooding in the area, a low-head barrier dam could be built with
removable slide gates or an adjustable crest barrier may be employed.   If a low head
or adjustable crest barrier is placed on Morpion Stream above the first bridge
crossing, approximately 0.12 miles of stream would remain available for use as
larval and sea lamprey spawning habitat (Dean and Zerrenner, in review).  Sea
lamprey production from the remaining portion of Morpion Stream below the
barrier would require assessment and additional control measures may be required. 
An electrical barrier might also be placed under the first bridge crossing Morpion
Stream (Walrath and Swiney in review).  Electrical power and telephone lines are
readily available and the stream is only 49 feet wide at this location.  The installation
of an electrical barrier at the first bridge crossing would eliminate all spawning
habitat available to the sea lamprey.

C Nontarget concerns:  While there are no significant or unique nontarget impacts
expected to be associated with the construction of a barrier on Morpion Stream, the
addition of an adjustable crest or slide gates to a low-head dam or an electrical
barrier has advantages.  Lowering an adjustable crest, opening slide gates or
deactivating an electrical barrier would allow for fish movement past the site during
periods when spawning-phase sea lamprey are not migrating.  During the spring
migrational period, incorporation of a permanent trapping facility would allow the
collection of sea lampreys to prevent their redistribution to other streams and allow
passage of nontarget species.  See Section VII.A.1 for additional information
regarding nontarget impacts and Section VII.A.2. for mitigating measures.

C Human impacts:  Fixed-crest or operational variable-crest (slide gates installed,
variable crest at barrier height) low head barriers may aggravate upstream flooding
during periods of high flows and may impact riparian areas utilized primarily for
agriculture.  Impacts associated with an electrical barrier involve potential public
safety precautions.  Lands adjacent to the proposed location of an electrical barrier
are agricultural and residential.  This area is used for picnicking and casual outdoor
activities.  However, since Morpion Stream drains heavily fertilized agriculture
fields which results in poor water quality, water-based recreation is expected to be
rare.  Navigation and in water recreation will be prohibited in the vicinity of an
electrical barrier when energized.  This safety measure is likely to have little impact
on human activity in the area.  Appropriate safety precautions (fencing and/or
warning signs) would be taken to reduce the risk to the public.
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C Habitat impacts:  Due to the low slope of Morpion Stream, establishment of a low
head barrier could result in an increase in water depth and the potential for a
substantial impoundment upstream.  An adjustable crest barrier would be lowered
except during the spring sea lamprey spawning migration period and would tend to
reduce the size of the impoundment at all but the highest flows.  Slide gates can also
be removed from a fixed-crest barrier to reduce flooding outside of the sea lamprey
spawning period.  Slight decreases in water flow may increase sedimentation. 
Unless flooding occurs, a low-head barrier dam is not likely to cause profound
changes to the surrounding landscape.  During construction, habitat is likely to be
temporarily altered or damaged but alterations are likely to be small and readily
restored. 

C Cost:  The cost of construction of a low-head barrier on Morpion Stream is
estimated at $195,000 (Walrath and Swiney in review).  The estimated annual cost is
$3,900, assuming the barrier has a life expectancy of 50 years.  The cost of
construction of an electrical barrier on the Morpion Stream is estimated at
$150,000 (Walrath and Swiney in review).  The estimated annual cost is between
$12,000 and $18,000 (Walrath and Swiney in review).

Trapping
 
C Technical considerations:  Trapping spawning-phase sea lampreys with portable

assessment traps is not being proposed as a means of sea lamprey control in
Morpion Stream at this time.  Suitable trapping sites do not exist that could
effectively remove sufficient numbers of adult lamprey during the spring spawning
period.  A trap may be incorporated into a barrier structure should a barrier be
established on Morpion Stream (see barrier section).

C Nontarget concerns:  No unique impacts.

C Human impacts:  No unique impacts.

C Habitat impacts:  No unique impacts.

C Cost:  The estimated cost of trapping on Morpion Stream is $10,637 per year. 

Morpion Stream Control Strategy

Technically feasible control methods for Morpion Stream include TFM application and
establishing a sea lamprey barrier.  Of these strategies, a low-head barrier with trapping
facility or an electrical barrier was determined to have the least negative effects to
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nontarget biota, humans, and habitat.  A TFM treatment is possible but technically
challenging.  The estimated, annual cost of employing a low-head barrier with trapping
facility is less than an electrical barrier and similar to TFM treatments.  As other control
methods become feasible for use on Morpion Stream the sea lamprey control strategy will
be reevaluated.  The following sea lamprey control strategy is recommended:

1.  Construct a low-head barrier near river mile 0.1 or an electrical barrier further downstream
at the first bridge crossing with spawning-phase sea lamprey trapping facilities if feasible
(unique institutional challenges are resolved) and landowner(s) consents.

2.  If an effective barrier with trapping facilities can be established as indicated above, apply
TFM at river mile 0.1 at approximately four-year intervals only in conjunction with a Pike River 
lampricide treatment or separately as warranted.
 
3.  If no barrier is constructed, apply TFM at river mile 17.1 at approximately four-year
intervals  in conjunction with a Pike River lampricide treatment or as a separate treatment if
warranted.

B.  Tributaries with Potential for Sea Lamprey Establishment

In addition to the streams discussed in Section VIII.A above, several streams provide the
potential for the establishment of additional sea lamprey populations (Table VIII-22). 
Alternative 1 (Proposed Action) recognizes the need for the program to be flexible in
terms of the streams included for control.  These streams should be periodically assessed
for presance of larval sea lamprey infestations.  Should new or previously undiscovered
populations of sea lamprey be found, the stream will be subjected to sea lamprey control
screening as described for the Proposed Action.  Should inclusion into the sea lamprey
control program be recommended, appropriate environmental review and permitting would
be addressed prior to implementation of a control strategy. 
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Table VIII-23.  Potential sea lamprey producing streams in the Lake Champlain Basin.

Main Lake South Lake Malletts Bay Inland Sea Missisquoi Bay

Vermont
     Little Otter Creek
     Kimball Brook
     Thorp Brook
     Holmes Creek
          Pringle Brooka

     McCabes Brook
     Monroe Brook
     Potash Brook
     Sucker Brook

Vermont
     Horton Brook
     East Creek

Vermont
    Pond Brook
    Allen Brook
    Lamoille River

Vermont
    Mill River
    Stevens Brook
    Jewett Brook

Vermont
    Carmen Brook
    Rock River
         Saxe Brook f

New York
     Corbeau Creekb

     Little Chazy
          Tracy Brook c

     Guay Creek
     Riley Brook
     Silver Stream
     Hoisington Brook
     McKenzie Brook
     Grove Brook

New York
     Ticonderoga Creek
     Charter Brook
     Mill Brook
     Pine lake Brook
     Pike Brook
     Spectackle Brook d

     Mettawee River
     Coggman Brook e 

a Tributary to Holmes Brook.
b Tributary to the Great Chazy River.
c Tributary to the Little Chazy River.
d Tributary to Mt. Hope Brook.
e Tributary to the Poultney River.
f Tributary to the Rock River.
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APPENDIX A 

Scoping Summary

A federal register notice was published in November 1999 announcing the onset of scoping
for the purpose of initiating the NEPA, EIS process regarding sea lamprey control for Lake
Champlain.  Within the federal notice a US Fish and Wildlife Service contact was provided
for submission of written comments.  Public meetings were scheduled and advertised in
newspapers and news broadcasts throughout the Lake Champlain area.  Meetings were held
at convenient north and south locations near Lake Champlain (Plattsburgh and Ticonderoga,
NY; Middlebury and Milton, VT).  Scoping meetings provided introductory presentations
regarding the results of the eight-year experimental sea lamprey program and defined the
meeting structure (time constraints, topics covered, etc.).  Materials available at scoping
meetings included information regarding the NEPA process, a summary of alternatives
being considered and executive summaries of the eight-year experimental sea lamprey
control evaluation.  Those wishing to make presentations at meetings were encouraged to
do so.  Comments made by the public were recorded and used in development of the Draft
Supplemental Environmental Impact Statement (DSEIS).  During the overview of the
experimental program the following action alternatives were described to the public.  These
alternatives were numbered differently during scoping and have been renumbered to
correspond with the alternatives as listed in the SEIS.

Alternative 1:  Proposed Action.  Begin extensive, stream specific strategies (lampricides,
barriers, etc.) to control sea lamprey.  Fine-tune stocked species mix and maintain
moderate monitoring efforts.

Alternative 2:  Status Quo Action.  Continue reliance on chemical lampricides and ignore 
potential ways to improve control.  Action would be restricted to areas treated during the 
experimental program.  May test stocked fish strains, sizes, etc. to maximize returns. 

Alternative 3:  No Action.  Abandon all efforts to control sea lamprey, adjust stocked
species for 
best returns. Terminate most sea lamprey monitoring efforts, substantially reduce fish and
fishery 
monitoring efforts.

A summary table describes the level of support or dissent resulting from comments
received during the scoping process.  Scoping officially closed February 4, 2000.  Most
comments were supportive of continued sea lamprey control.  Dissenting comments were
mostly in regard to pesticide use in the Poultney River.  Philosophical opposition or
nontarget toxicity concerns prevailed among the reasons for pesticide use opposition. 
Other dissenting comments suggested the use of alternatives to pesticides.  Data gaps were
suggested for sea lamprey barrier applications, wetland concerns, sea lamprey life history,
relative parasitic sea lamprey contribution information and long term studies of pesticide
effects. 
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Summary information of the 2000 scoping process.

Location Date

Number of
Registered

Attendees

Number of
Comments 

Offered

Results of Comments

 Support   
Alternative 1 

(Proposed
Action)

Support
Alternative 2
(status quo)

Support
Alternative 3 

(no action)

General
Support

Opposed to all or
a part of the sea
lamprey control

program.

Plattsburgh, NY 1/5/2000 23 8 6 2

Ticonderoga, NY 1/6/2000 12 4 1 2 1

Middlebury, VT 1/10/2000 33 11 6 2 3

Milton, VT 1/11/2000 54 12 3 9

Written Comments Nov ‘99 - Feb ‘00 36 5 1 12 18

Total 122 71 21 1 27 22
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APPENDIX B

Lampricide Labels: 

United States and Canada
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APPENDIX C

Lampricide Registration Information

The following “Executive Summary” is an excerpt from the Environmental Protection
Agency Registration Eligibility Decision (RED), 1999. 

EPA has completed its reregistration eligibility decisions for the pesticides trifluoro-
4-nitro-m-cresol (TFM; Case 3082) and niclosamide (Case 2455) and determined that all
lampricide uses, when labeled and used as specified in this document, are eligible for
reregistration.  There are two Special Local Needs labels for niclosamide which are
eligible for reregistration assuming monitoring programs similar to those conducted by the
U.S. Fish and Wildlife Service (USFWS) are instituted for these uses.  The public health
mollusicide use of niclosamide against snails that carry vectors for swimmer's itch has
been voluntarily canceled by the registrant.  The public health use for use of niclosamide
against snails that carry vectors for schistosomiasis is ineligible for reregistration at this
time.  These reregistration eligibility decisions include a comprehensive reassessment of
the required target data base supporting the use patterns of currently registered products.

This document contains the reregistration eligibility decisions for two compounds
which are used alone or in combination against the same pest.  TFM is the main chemical
used to kill sea lamprey larvae in tributaries to the Great Lakes, the Finger Lakes, and Lake
Champlain.  Niclosamide is used to kill sea lamprey larvae in combination with TFM;
granular niclosamide is also used in situations where TFM would not be appropriate, such
as very deep waters, where it is cost prohibitive to treat the entire water column. 
Tributaries are screened for larvae which are ready to transform to the adult stage and when
populations are high enough, the stream is treated.  Streams harboring sea lamprey larvae
are treated once every three to five years.  Additionally, niclosamide is used as a
mollusicide to kill freshwater snails which are vectors for human and fish disease agents.

There are no tolerances for TFM and niclosamide because the Agency considers the
uses of these compounds to be non-food.  Based on current use pattens and exposure
profiles, residues in and on food and/or feed or in drinking water are not expected to occur. 
Therefore, a dietary risk assessment is not required.

Human risks from exposures to TFM and niclosamide do not exceed levels of concern
for
the currently registered uses.  The USFWS exerts tight control over the use of these
compounds including:  (i) public notification prior to treating Great Lake tributaries to
eliminate exposure to riparian water users including fishermen, boaters, and swimmers; (ii)
dissemination of information describing the treatment programs and the associated
application locations, dates, and duration; (iii) constant monitoring of the treated stream for
TFM and niclosamide concentrations during treatment; (iv) if requested by a given state,
concentrations at public water utility intakes are monitored and notification of state and
local officials is made regarding monitoring results to permit implementation of activated
charcoal use, if necessary; and (v) prohibition of irrigation during treatment.



386

There are ecological concerns with the use of these compounds since impacts are
expected to non-target aquatic organism populations; however, the benefits of controlling
the populations of the introduced sea lamprey are expected to outweigh the risks to aquatic
organisms.  Most non-target species are far less sensitive to the lampricides than are sea
lampreys, and only a few are as sensitive.  Pretreatment assessments that determine
abundance and distribution of sea lamprey larvae are used to identify specific streams and
stream reaches that require lampricide treatment.  Sensitive non-target species in the
streams are identified prior to treatment, and measures are taken to protect them during
applications of lampricides.  Threatened or endangered species are identified through
consultation with state and federal agencies.  Procedures then are modified or developed,
and employed to protect these species.  Prior to treatment, toxicity tests and in-stream
studies assess the effects of treatment on sensitive species or species of concern, and the
results indicate if a modification of treatment procedures is required to assure the safety of
non-target organisms.

The USFWS which holds the registrations for these compounds has refined the use
practices over the past several years in order to lower the impacts of these applications on
non-target organisms and to lower occupational and non-occupational exposure to people. 
Additional mitigation required by the Agency includes minor clarifications of label
language.  Aerial applications were prohibited on some of the current labels and will be
prohibited on all new labels in order to lessen chances of non-target human and other
terrestrial animal exposures to these restricted use compounds.  Some additional data are
required to understand the photodegradation potential of TFM and niclosamide in water, and
the aerobic and anaerobic aquatic behavior of niclosamide.  The following data
requirements are being held in reserve pending the results of an ongoing monitoring study
the USFWS is currently conducting: the potential chronic effects of TFM and
TFM/niclosamide mixture on fish and aquatic invertebrates, and the chronic sediment
toxicity of niclosamide.  Before reregistering the products containing TFM and
niclosamide, the Agency is requiring that product specific data, revised Confidential
Statements of Formula (CSF), and revised labeling be submitted within eight months of the
issuance of this document.  These data include product chemistry and acute toxicity testing
for each registration.  After reviewing these data and any revised labels and finding them
acceptable in accordance with Section 3(c)(5) of FIFRA, the Agency will reregister a
product.  Those products which contain other active ingredients will be eligible for
reregistration only when the other active ingredients are determined to be eligible for
reregistration.
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APPENDIX D

Lampricide Prediction Charts

(From Klar and Schleen 1999)
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